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This report documents a helicopter maneuverability and agility (M/A) study 
conducted by Sikorsky Aircraft for the U.S. Array Aviation Applied Technology 
Directorate (AATD).  Four major activities were undertaken in this effort. 

First, detailed, free-flying GenHel computer simulation models of eight 
helicopters were created and flown through nine different maneuvers to assess 
their capabilities. Six of these aircraft (UH-60A. AH-64A, AH-1S, OH-58A. 
S-76A, SA-365N) had participated in U.S. Army Alr-to-Air Combat Tests while 
two (Mi-28, CH-53E) ware Included because of relevance to this study. The 
nine maneuvers investigated were a hover bob-up, acceleration from hover to 80 
knots, deceleration from 80 knots to hover, 80 knot steady turn, 80 knot 
steady climb, decelerating turns at 80 and 130 knots, 140 knot symmetrical 
pull-up and a 180 degree hover turn. These data were analyzed to show the 
sensitivities cf various design attributes on maneuverability and agility and 
to see if previously defined guidelines were appropriate. 

Second, selected encounters from the AACT terts were analysed to determine how 
the pilots maneuvered to gain advantage during the engagements and when firing 
opportunities were achieved. 

The third task was the development of a scurlng and M/A rating scheme for the 
simulation maneuvers and a scoring scheme for the AACT engagements. 

The final activity was a correlation of the GenHel simulation results and AACT 
data to determine If the simulation predictions of M/A capability were veri- 
fied by the AACT flight test data. 

An overview of this correlation study is presented schematically in Figure 1. 

BACKGROUND 

Historically, helicopters have been used for transport and general utility by 
the armed services. In the Vietnam era, helicopter usage expanded greatly to 
Include arjied reconnaissance and ground attack missions. Current rotorcraft 
operations involve flight In Hap-of-the-Earth (NOE) conditions and Involvement 
in both air-to-ground and air-to-air combat. As a result, the requirements 
for helicopter maneuverability and agility (M/A) have significantly increased 
There is a need therefore, to have a methodology which both defines the M/A 
characteristics of existing helicopters and predicts those of new designs. 

Definition of Maneuverability and Atllltv (M/A) 

Before proceeding any further It is appropriate to define the terms maneuver- 
ability and agility as used in this report. Maneuverability is defined as the 
ability to change the aircraft flight path by application of forces from the 
main rotor, tall rotor or other control devices. Agility is defined as how 

quickly the aircraft flight path can be changed. 
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For our purposes, such broad definitions need to be quantified in an easily 
measurable way. This is done by flying computer simulation models of various 
aircraft through a set of predefined maneuvers. This then relates M/A to 
parameters such as load factor or turn rate that are easily measured. It 
should be noted that maneuverability and agility are to some extent comple- 
mentary. That is, those things which improve maneuverability such as more 
blade area or increased disk area tend to increase the size and weight of the 
helicopter and degrade agility. This is not to say, however, that changes 
which improve maneuverability always degrade agility. For example, engine 
power can frequently be increased without any change to the size or weight of 
the engine. In this case, both agility and maneuverability have been 
improved. 

Importance of M/A jn Modem Rotorcrqft, 

In the past, helicopter design has focused on such attributes as hover climb 
performance and gross weight capability, maximum level flight speed, payload/ 
range and other such performance measures. Maneuverability and agility was a 
fallout of the design process. This was due to two factors. The first was a 
lack of requirements or specifications for M/A and the second was lack of any 
industry standard metrics for defining these characteristics 

However, there are many activities in which the helicopter is engaged which 
depend critically on M/A for success. After Vietnam, the value of the heli- 
copter as a gun platform and its use in ground attack were well established. 
In addition, the requirement to repulse large armor attacks in the European 
theater led to the development of specialized anti-tank missions. And since 
no tactical commander would allow his armor to be attacked with impunity, 
air-to-air missions were developed. The widespread use of helicopters in the 
battlefield and their importance to the overall effort insure that air-to-air 
combat will be a significant part of C«cure helicopter operations. 

Intelligence gathering continues to be a major activity, and the armed scout 
helicopter is an important asset. The advent of sophisticated airborne 
sensors und availability of satellite communication and navigation have 
expanded the capabilities of the scout helicopter enormously. Even the 
mundane but Important process of providing helicopter transport for supplies 
and troops has become more difficult due to the availability of lightweight, 
shoulder-fired anti-aircraft missiles. All of these activities point out the 
need for increased levels of M/A in modern rotorcraft. The questions this 
report will address are how maneuverability and agility can be measured and 
wha»" are the values for current U.S. Army helicopters. 

Rgvltw gf M/A Pgslgn Sensitivity Analysis. 

In 1988, Sikorsky conducted, under contract to AATD, a Helicopter Maneuver- 
ability and Agility Design Sensitivity Analysis covering Design Cuidelines, 
Air-to-Air Simulation Methodology, and Weight Methodology. These were subse- 
quently documented In References 1, 2 and 3, respectively. Hereafter, that 
effort will be designated as the M/A Phase I Study. 



The M/A Phase I Study quantified the measurement of maneuverability and 
agility for helicopters. The approach taken in that study was as follows: 

A baseline aircraft of 10,000 pounds gross weight was selected. Sikorsky's 
GenHel computer simulation model of the aircraft was then flown through a 
series of maneuvers. Parameters such as tip speed, disk loading, blade 
loading, power available, hinge-offset and gross weight were varied indi- 
vidually and the maneuvers reflown. These data were then analyzed to deter- 
mine two metrics. The first was a reasonable measure-of-effectiveness (MOE) 
for each maneuver. The second was a normalizing or "fundamental" parameter 
that would collapse the parametric results onto a single line. This activity 
led to the creation of the fundamental parameter charts, an example of which 
is shown in Figure 2. This chart is for a 130-knot decelerating turn. The 
MOE is turn rate, in degrees-per-second. The fundamental parameter is the 
normalized blade loading margin. This is defined as the maximum CT/sigma 
available at 130 knots minus the trim value, the resultant normalized by the 
trim value. As can be seen, variations in blade loading (BL), disk loading 
(DL), tip speed (TS). Lock number (LN) and twist (TV) all have the same effect 
on trim or maximum CT/a and therefore all can ve normalized by this fundamen- 
tal parameter. 

The second part of that study addressed the weight sensitivity associated with 
the parametric variations discussed above. The purpose was to determine' the 
impact of improved M/A on aircraft empty weight. These variations in weight 
were then plotted against the changes in the MOE as shown in Figure 3. Of 
Importance is the slopes of these lines; i.e., which parameter change would 
produce the greatest Improvement in the MOE for the least weight. In the 
example shown, it can be seen that Increased disk loading both reduces weight 
and Increases the turn rate. However, disk loading is bounded by other con- 
straints, so decreased blade loading is another way to improve turn rate. 

Thr third part of the M/A Phase I study involved analyzing Air-to-Air Combat 
Test (AACT) data to determine when firing windows occurred. This task was 
done using a computer program to define when firing windows were achieved. 
The AACT data were analyzed to determine the range between the two aircraft 
and the angle between the attack aircraft boresight and the center of the 
victim aircraft. If the range was less than 1500 meters and the angle less 
than three degrees, the attack aircraft was considered to have a firing 
"window". The time that these conditions were maintained was also recorded. 
It was clear after the study was completed that some method of visualizing the 
encounters was required. This was subsequently addressed during the Phase 
II Study. The central issue was what maneuvering capability was responsible 
for achievement of a firing opportunity. 

The conclusion of the Phase I study was that the design approach for improving 
maneuverability and agility depends on the relative importance of the individ- 
ual maneuvers investigated. There is no generalized design method that will 
maximize «11 maneuvers. Specific design guidelines can be formulated for each 
maneuver Independently, but these will not be the same for all maneuvers and 
will frequently conflict. Increased power, lower blade loading and reduce«* 
Lock number are the most weight effective options for improving overall 
maneuverability and agility characteristics. 



20.01 

16.0 

*-    80- 

(CT/o max    Wi'utnm)/   '"""trim 

Figur«  ?.     EuBpl«  FimdAjoenc*!  Faraaatar Chare 



IASELIK •   It.S tttA£C 

AH'-OCQ^EC 

»CREASED 
OOKU3AOMO 

PEDUCED 
fcJOELOttNO 

•bo    AWE • LB 

Figure 3.  Exaapla V«lght S«n»itlvity Chart 



Figure 4 shows a summary chart extracted from Reference 1. It shows that 
improving maneuverability In the low-speed range emphasizes different design 
parameters than those required for high-speed Improvement. Low-speed maneu- 
verability is primarily dependent on those parameters that affect power while 
high speed Is dominated by rotor thrust capability. In the mid-speed (power 
bucket) regime, both power-limited and thrust-limited capabilities need to be 

matched. 

At the end of the M/A Phase I study It was concluded that a number of other 
Issues needed to be addressed. One was whether or not this methodology was 
applicable to a wide variety of rotorcraft, rather than parametric variations 
of a single design. Another Issue was the correlation between these analyti- 
cal results and flight test data. Finding answers to these questions formu- 
lated the basis for the M/A correlation study documented in this report. 

OVERVIEW OF THIS CORRELATION STUDY 

The Helicopter Maneuverability and Agility Design Sensitivity and AACT Data 
Correlation Analysis documented in this report Is a follow-on to the M/A Phase 
I Study and will be denoted herein as the M/A Phase II Study. This effort was 
aimed at expanding the Phase I activities. The overall goal was to devise a 
quantitative M/A rating scheme and then verify its correctness by using the 

AACT data. 

The first part involved creating GenHel Simulation models of the various 
aircraft that participated in the AACT tests and flying them through the Phtse 
I maneuvers. These included the UH-60A, AH-64A, AH-1S, OH-58A. S-76A and 
SA-365N. Since the GenHel simulation of the CH-53E already existed, it was 
added to the study to evaluate heavy lift helicopter M/A. A contract modifi- 
cation was exercised to add the Soviet Mi-28 HAVOC to the study, drawing on 
unclassified data from various sources, to create a GenHel simulation. The 

results were plotted on the fundamental parameter charts to see if the funda- 
mental (or normalizing) parameter would "collapse" the data for a wide variety 
of aircraft types along the already established Phase I trend curves. 

The second part involved automation of the firing window analysis so that data 
frcm the AACT activities could be presented graphically. The third major part 
was the development of a scoring scheme for the simulation results and a 

scoring scheme for the AACT encounters. 

The last part was a correlation of the first two using the scoring methodol- 

ogy- 

Each part of this study represented a significant effort. Detailed and 
comprehensive free-flight computer simulation models of all the non-Sikorsky 
aircraft were created and validated against available flight test data. For 
most aircraft, the modeling data were taken from C-81 Input listings provided 
as government furnished information (CFI). These data had to be reorganized 
to fit the CenHel input format. After validation, the simulations were flown 
through the previously defined nine M/A maneuvers using a software maneuver 
controller. This assured consistency in the way maneuvers were performed 
amongst the various helicopters.  In addition, the maneuvers were constrained 
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by variety of realistic operational limitations to add fidelity to the re- 
sults. Next, the fundamental parameters had to be calculated and the 
fundamental parameter charts created. These fundamental parameter charts are 
then really quite profound. Each point, representing one helicopter, is the 
culmination of an extensive modeling, validation and evaluation process. 

In the second major part of this study, the AACT data were processed through a 
variety of axis transformations and then through a firing window analysis 
code. In addition to predicting when one aircraft was within the firing 
window of the other, the specific parameters (range, angular error, time in 
window) were also available. Finally, a display driver was set up to operate 
in the work station environment. This allowed graphical display playback of 
any of the AACT data. The data could be viewed in real time, slowed down, 
speeded up, or stopped. Views out of either cockpit, from above, or from an 
arbitrary point in combat space could be displayed. This allowed analysis of 
the maneuvering sequence prior to gaining a firing window. 

The third part of this study was the development of scoring schemes for the 
simulated maneuvers and the AACT engagements. For the simulated maneuvers, 
the result for each maneuver was converted to a numerical score. The average 
score fir the nine maneuvers was taken to be the basic M/A rating. However, 
different mission elemencs emphasize different maneuvers. For example, NOE 
flight would be dominated by the characteristics found in the hover bob-up, 
hover uurn, and accelerations to and decelerations from 80 knots. On the 
otner hand, air-to-air combat would be affected most by the characteristics 
shown in the 140 knot pull-up or the 130 and 80 knot decelerating turn. 
Therefore, to account for this, scores for each maneuver were multiplied by 
weighing factors for air-to-ai. (ATA), air-to-ground (ATC), nap-of-the-earth 
(NOE), and contour (CON) mission types. The average of the scores in each 
category was taken as the M/A rating for that mission type. 

Scoring of the AACT tests was based on using the available data from the 
firing window analysis program - time in window, angular error and range. A 
scheme 'as devised to award points to the attack aircraft based on these 
parameters and calculate an overall score as the sum of each aircraft's 
points. 

The fourth part of this study was a correlation of the simulated maneuver 
results and the AACT flight tests using the scores generated in the manner 
disclosed above. The estimated ATA capability was calculated by taking the 
percentage ratio of each helicopter's M/A ATA rating to the total for the two 
aircraft. For example, the UH-60A has an ATA M/A rating of 79.0 while the 
S-76 has a rating of 34.8. The estimated results of air-to-air combat would 
be 69.4 percent (79.0/(79.0 • 34.8)) for the UH-60A and 30.6 percent 
(34.8/(79.0 • 34.8)) for the S-76A. In a like manner, the actual ATA 
capability was calculated by taking the percentage ratio of each helicopter's 
AACT scores to the total for the two aircraft. In this case the UH-60A had 
scored 121 points and the S-76 6.3 points for percentage ratios of 95.1 and 
4.9, respectively. Correlation was Judged by comparing the two sets of 
percentages. 

Detailed, substantiating data for these activities is provided in Appendixes A 
through N. 



SIMULATION MODELS 

Qygrylg 9f Cgnjlel 

Sikorsky's General Helicopter Flight Dynamics Simulation (GenHel) is a simula- 
tion environment that allows the user to easily create models of any 
rotorcraft for which sufficient data are available. It is important to note 
that GenHel is not merely a computer code but a simulation environment. The 
major features of GenHel are: 

1) Free-flight, total force, large angle mathematical model. GenHel la not a 
perturbatlonal model, but a complete free-flying analysis. Wind tunnel 
and trim modes are also available. 

2) Generic, reusable software coded in modules and maintained in a library. 
GenHel code is available to the user through selection of a series of 
modules. These modules are coded symbolically and contain no numbers. 
They can be used to model any rotorcraft. These modules are maintained 
in libraries so that the users can not modify them and so that all users 
get the same model. Data for each specific aircraft/configuration are 
maintained in separate data (or "specific") files created by the user. 
The library has provisions for prototype modules accessible to the user. 
These are maintained in a separate prototype area. The library system is 
shown schematically in Figure 5. A typical module breakdown is shown in 
Figure 6, while an overview is presented graphically in Figure 7. 

3) A large array of auxiliary and utility modules are available. In addi- 
tion to the basic aircraft model, modules are available for external 
loads, flexible alrframe, deck/slope landing and maneuver loads. Inter- 
faces are available for CRT terminal, line printer and strip chart 
recorder outputs. The resulting simulations can be inter teed with 
Sikorsky's fixed base and moving base simulators for piloted evaluation. 

A) Extensive validation of existing simulations (UH-60A, S-76A, CH-53E) 
against a wide variety of flight test data. 

An example of the mathematical model.ng used in CenHe! is documented in 
Reference 4. 
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niacusslon of Aircraft Kodels 

introduction 

The aircraft selected for this M/A correlation study were: 

1) Sikorsky UH-60A BLACK HAWK 

2) Sikorsky S-76A 

3) Sikorsky CH-53E Super Stallion 

4) McDonnell-Douglas AH-64A Apache 

5) Bell AH-IS Cobra 

6) Bell OH-58A Klowa 

7) Aerospatiale ~A-365N1 Dauphin 

8) Mil Mi-2o !AVOC 

All of these aircraft except the r ^er Stallion and HAVOC were Involved in the 
AACT flight evaluations. The CH-J3E was added to represent the heavy weight 
category and since a CenHel Simulation model of it already existed, this was 
easy to implement. The Ml-28 simulation was created after that helicopter was 
shown at the 1989 Paris Air show. Photographs of the aircraft were available 
along with other information from the Soviet delegates. A contract modifica- 

tion was implemented to include the HAVOC In this study. 

Detailed discussions of each of the simulation models are provided in Appen- 
dixes A to H. These include a brief history and description of each aircraft, 
discussion of data sources, correlation of CenHel with flight test data and 
detailed numerical CenHel input data used in each helicopter model. One 
important output of this study is a comprehensive and consistent data base for 

all these helicopters. 

For convenience the basic data for the study aircraft are summarized in Table 
1. This provides <Uta on geometry, rotor speeds and mass properties. Derived 
parameters such as disk loading, blade loading, control power, etc.. are 
provided In Table 2. Note that the UH-60A was evaluated at both its AACT test 

weight of 14.685 pounds and Its Basic Design Cross Weight (BDCV) of 16.825 
pounds. The AH-64A was handled in a similar manner for Its AACT (16.222 
pounds) and BDCV (14.770 pounds) configurations. Data on the Ml-28 at both 
22,984 pounds and 20.000 pounds are provided, but only the heavier case was 
evaluated In thla atudy. Power available data are provided In Table 3. Thla 
ahows the Intermediate rated power (1RP) for each engine, the total 1RP power 
for the aircraft, the main gearbox llults on power, and the power available to 
the main rotor at different airspeeds. Note that for the sea level standard 
conditions of thla study, many of the modem helicopters were main gearbox 
limited and could not use all of the engine power available. A drag breakdown 

for the aircraft Is provided In Appendix N. 
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TABLE 2.  DERIVED PARAMETER SUMMARY 

ITEM AIRCRAFT 

UH-60A 
(AACT) S-76A CH-53E 

All-64 A 
(AACT) 

Gross Weight, lbs 

Re/erence shp 

Disk Loading, lb/ft* 

Blade Loading, lb/ft* 

Power Loading, lb/shp (total) 

MR Tip Speed, fps 

MR Solidity 

Hinge Offset, X 

Lock Number 

Thrust Coefficient 

Roll Control Sensitivity, 
rad/sec2/deg 

Pitch Control Sensitivity, 
rad/sec2/deg 

Yaw Sensitivity. 
rad/sec2/deg 

14635 8925 56000 16222 

2828 1300 12339 2784 

6.49 5.87 11.42 8.96 

79.1 78.6 83.7 96.6 

5.19 6.86 4.54 5.83 

724 675 778 726 

.0821 .0747 .1365 .0928 

4.66 3.79 6.33 3.82 

8.08 8.97 13.57 7.46 

.00521 .00541 .00793 .00715 

.937 .760 .416 1.607 

.113 

.0659 

.135 

.0874 

.071 

.0449 

.128 

.069 

20 



TABLE 2.  DERIVED PARAMETER SUMMARY (Cont'd) 

ITEM AIRCRAFT 

OH-58A AH-1S SA-365N Mi-28 

Gross Weight, lbs 

Reference shp 

Disk Loading, lb/ft* 

Blade Loading, lb/ft2 

Power Loading, lb/shp (total) 

MR Tip Speed, fps 

MR Solidity 

Hinge Offset, X 

Lock Number 

Thrust Coefficient 

Roll Control Sensitivity, 

rad/sec*/deg 

Pitch Control Sensitivity, 
rad/sec2/deg 

Yaw Control Sensitivity, 
rad/sec2/deg 

2790 9620 8750 22984 

420 1290 1372 4400 

2.83 6.33 7.27 9.15 

73.0 87.5 88.5 81.5 

6.64 7.46 6.38 5.22 

657 /46 717 715 

.0388 .0723 .0822 .1128 

0 0 3.83 5.50 

4.30 5.76 7.83 12.92 

00276 .00478 .00596 .00757 

.501 .409 .749 .455 

.107 

.1035 

.100 

.0802 

.133 

.106 

.090 

.0489 
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TABLE 2.  DERIVED PARAMETER SUMMARY (Cont'd) 

ITEM AIRCRAFT 

UH-60A 
(BDCU) 

AH-64A 
(BDCU) 

Mi-28 
(A/A) 

Gross Weight, lbs 

Reference shp 

Disk Loading, lb/ft* 

Blade Loading, lb/ft* 

Pcwer Loading, lb/shp (total) 

MR Tip speed, fps 

MR Solidity 

Hinge Offset. X 

Lock Number 

Thrust Coefficient 

Roll Control Sensitivity, 
rad/sec/deg 

Pitch Control Sensitivity, 
rad/sec/2 

Yaw Control Sensitivity, 
rad/sec2/deg 

16825 14770 20000 

2828 2784 4400 

7.44 8.16 7.96 

90.6 87.9 70.9 

5.95 5.31 4.55 

724 726 715 

.0821 .0928 .1128 

4.66 3.82 5.50 

8.0 7.46 12.92 

00596 .00651 .00658 

.825 2.064 .481 

.105 

.0583 

.135 

.0775 

.0936 

.0546 
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TABLE 3. MAIN ROTOR POWER AVAILABLE SUMMARY 

ITEM UH-60A AH-64A S-76A AH-1S 

Engine 

IRP Power 
Available (30 min) 

Times No. of Engines 

MGB Limit (30 min) 

Ref. SHP 

MR SHP Available 

Hover (0.840) 

40 kts (0.887) 

80 kts (0.920) 

140 kts (0.927) 

T70O-GE-700  T700-GE-701  T250-C30  T53-L-703 

1622      1698        650       1800 

3244 3396 1300 1800 

2828 2784 1352 1290 

2828 2784 1300 1290 

2376 

2508 

2602 

2622 

2339 

2469 

2561 

2581 

1092 

1153 

1196 

1205 

1084 

1144 

1187 

1196 

ITEM CH-53E OH-58A SA-365K-1 Mi-28 

Engine 

IRP Power 
Available (30 min) 

Tines No. of Engines 

MGB Limit (30 min) 

Ref SHP 

MR SHP Available 

Hover (0.840) 

40 kts (0.887) 

80 kts (0.9Z0) 

140 kcs (0.927) 

T64-GE-416   T63-A-700    Arr. U 1-C  Isotov 
TV3-117 

4113 

12.339 

13,174 

12.339 

420 

420 

420 

6d6 

1332 

1372 

2650 

5300 

4400 

4400 

10.281 353 1152 3696 

10,856 373 1217 3903 

11.260 386 1262 4048 

11.346 389 127? 4079 
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Aircraft Comparisons 

In order to study the M/A characteristics of these eight helicopters, It Is 
necessary to understand how the aircraft compare to one another, not only in 
their basic attributes such as gross weight or rotor radius but also In their 
classical design parameters such as disk loading, solidity and control power. 

The aircraft studied were all single-rotor helicopters which are in current 
use. They range in gross weight from 2790 pounds for the OH-58A to 56,000 
pounds for the CH-53E (Figure 8). In spl'-.e of a factor of 20 difference in 
gross weight, rotor radii only varied by a factor of 2.2 when the 17.7 feet of 
the Kiowa Is compared to the 39.5 feet of the Super Stallion (Figure 9). 
Available horsepower, on the other hand, varied by a factor of 30 (420 shp 
OH-58, 12339 shp CH-53E) as shown in Figure 10. Main rotor tip speeds (Figure 
11) are all around 700 feet per second (657 for OH-58A, 778 for CH-53E at 105 
percent). Several types of rotors are represented, ranging from the teetering 
types of the Bell aircraft to the starflex rotor on the Dauphin. The 
Sikorsky, McDonnell Douglas, and Mil designs employ conventional articulated 
hub designs. Flapping hinge offsets are illustrated in Figure 12 and vary 
from zero for the teetering rotors to 6.33 percent for the large Super Stal- 
lion. 

When considering such a diverse array of vehicles, more appropriate compar- 
isons can be achieved by reviewing the classical nondimensional parameters 
shown in Figures 13 through 17. One of the most Important of these parameters 
is disk loading (Figure 13), which Is very significant In hover and at low 
speeds. The 0H-58A has a very low disk loading of 2.83 pounds/square foot. 
Most of the other aircraft have more typical values, between 6 and 9 pounds/ 
square foot but the CH-53E is 11.42 at the 56,000 pounds of this study. Blade 
loading, on the other hand, is remarkably similar for such a wide range of 
types. The average value is about 83 pounds/square (Figure 14) foot with the 
OH-58A on the bottom end at 73.0 and the AH-64A on the high end at 96.6 psf 
(at its AACT CU of 16,222 pounds). Since the previous M/A Phase I study 
showed the importance of power at low speeds, the power loading (pounds/shp) 
is another parameter of interest. As seen in Figure 15, power loadings 
average about 5.81 pounds/shp. The CH-53E and ATA Mi-28 (20,000 pound GW) 
have the best values of 4.55, while rhe AH-IS is the worst at 7.46. The Cobra 
is main gearbox (MCß) limited to 1290 shp. If the full 1800 shp of the T53 
engine were available, its pow»r loading would fall to a much better 5.31 
pounds/square foot. The UH-60A and AH-64A are also main gearbox limited, but 
not to as great an extent as the Cobra. At its BDC'J, the BLACK HAUK would 
improve its power loading by going to 5.19 from 5.95. Similarly, the Apache 
would move from 5.31 to 4.35, better than the lightweight Mi>28 and CH-53E. 

Main rotor solidity (blade area/disk area) varies greatly for the eight 
helicopters (Figure 16). The seven-bladed Super Stallion has a solidity of 
13.7 percent and the five-bladed HAVOC has 11.3 percent. The Kiowa is lowest 
at 3.9 percent, but the Cobra (also two-bladed) has a «ore typical value of 
7.2 percent. 
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The Lock number (ratio of blade air loading to inertial loading) also displays 
a wide range of values, but this is expected because rotor blades do not scale 
directly with gross weight. Most of the aircraft have values around eight, 
but the CH-53E is highest at 13.57 (Figure 17) followed by the Mi-28 at 12.92. 
The OH-58A is lowest at 4.30 with the AH-1S just ahead at 5.76. 

The effect of tip speed, solidity, hinge-offset and Lock number on maneuver- 
ability and agility can be assessed by looking at the normalized pitch and 
roll control sensitivities (Figures 18 and 19). The moment capabilities were 
calculated using the hub moment calculations of Reference 6. If these values 
are divided by the pitch and roll inertias, the normalized pitch and roll 

control sensitivities in radians-per-second-squared-per-degraa result. A 
better measure would have been the classical control powers of radians-per- 
second-squared-per-inch of stick deflection Because the head limits in 
degrees were not always known, the sensitivities are provided rather than the 

control powers. 

A review of Figure 18 shows that the Apache, Dauphin and S-76A have the 
highest values of pitch control sensitivity, around 0.13, while the CH-53E is 
worst at 0.07 radian —per-second-squared-per-degree. 

The roll control sensitivities illustrated in Figure 19 are much larger than 
the pitch value-, and also show a much grea r spread of values. The generally 
higher value* «imply reflect the higher pitch inertias of all helicopters 
(typically, s'x times of the roll value). The extreme spread is dominated by 
the very high values of the Apache. This is due to the low roll inertia of 
this configuration. Estimates of the yaw control power wer» also made. In 
this case the tail rotor was assumed to have a maximum thrust coefficient/ 
solidity of 0.14. For the fenestron of the SA-365N, the thrust of the fan was 
b'sed on the annular area and the thrust augmentation due to the duct was set 
at the classical value of 2.0. The results are plotted in Figure 20. About a 

two-to-one variation between highest and lowest values is present. The OH-58A 
and Dauphin were the best while the Super Stallion and HAVOC were the worst. 

As the above discussion shows, the helicopters used in this study cover a 
broad range of characteristics. Yet each aircraft has its own distinct 
profile or "signature" of attributes. Thus, they provide an excellent test 
for the M/A methodology developed in the Phase I Study. Because most of these 
helicopters participated in the AACT activity, the analytical results can be 
compared to actual flight test data. The fact that rhese are all contemporary 
designs ensures that the results are relevant. 

The M/A Phase I study showed that the classical design parameters affect M/A 
in different ways. For example, in some maneuvers low disk loading may be a 
virtue and In others it may be a liability. Thus, knowledge of these parameters 
does not allow one to assess the relative maneuverability and agility of a 
given design. In this report a methodology for assessing M/A capability is 
developed. 
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Maneuver Controller Description 

While the GenHel simulation environment provides the user with a detailed, 
free-flying model of the helicopter, the process of actually "flying" a 
maneuver manually is difficult (in an analysis mode and not linked to a 
cockpit). The engineer must find the control time histories that will result 
in a specified maneuver. For example, in a symmetrical pull-up, the controls 
need to be manipulated not only to achieve the desired load factor but also to 
retain heading and maintain zero roll angle. In order to ease the burden of 
this task, two auxiliary modules are available in GenHel. One is a trimming 

autopilot, the other is a maneuver controller. 

The trimming autopilot is used to generate "static" data. The trimmer« will 
find the control positions that give the aircraft a specified set of accelera- 
tions (typically zero, but not necessarily) and prescribed turn rates, climb 
rates and velocity. This module was used for maneuvers like the 80 knot 
steady turn. In this case, the engineer would let the trimmer find the 
solution for a given bank angle then Increase that value and retrim iterating 
until the power available limit was reached. 

The maneuver controller was used for "dynamic" maneuvers like the acceleration 
frcr* hover to 80 knots. The user specified a desired maneuver profile and the 
controller would fly the aircraft through the maneuver. The design of this 
controller is shown in Figure 21. The basic scheme is explicit model follow- 
ing. The commanded profile is sent to shaping filters which define the 
desired aircraft response. These signals then go to a model-following control 
system. This contains an inverse model of the aircraft which converts the 
desired responses into control commands. The inverse model is linear, with 
the matrix coefficients based on derivatives generated in the GenHei 
simulation model of that aircraft. The commands are then fed to the GenHel 
simulation model. Since the simulation, like the aircraft, is nonlinear, the 
actual responses are compared to the commands and the error used to update the 
control positions. The controller, then, regulates the error to zero so the 
resulting aircraft response matches the command profile. 

The maneuver controllers do not impose limits on the command response. When 
flying the maneuvers, the engineer has to inspect the time histories to see if 
the appropriate limits (power available, pitch attitude, rotor stall 
boundaries, etc.) have been exceeded. If so, the command profiles are altered 
and the maneuvers reflown until the appropriate limits are not violated. 
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SIMvTAIIQE R£SVLTS 

This section of the report discusses the results of the simulated maneuvers. 
It is divided into tvo major parts. The first reviews the results on a 
maneuver-by-maneuver basis. The second discusses the overall results on an 
aircraft-by-aircraft basis. 

DISCUSSION OF RESULTS FOR EACH MANEUVER 

In order to structure this discussion, the fundamental parameter plots for 
each maneuver will be reviewed individually. The maneuver results will be 
presented in four parts - a description of the maneuver itself, • listing of 
the constraints imposed on it, a review of the fundamental parameter and 
measure-of-effectiveness (MOE) for the maneuver, and a detailed discussion of 
the simulation results. These detailed discussions will include the Mi-28 
parametric study. All of the static data used to calculate the fundamental 
parameters is provided in Table 4. The fundamental parameters and the 
maneuver results are summarized in Table 5. 

Hover Bob-Up 

Maneuver: The hover bob-up/bob-down is used in a threat environment to 
provide masking. The helicopter climbs vertically, hovers momentarily to 
activate sensors or weapons, then rapidly descends to remask. Time was not 
available to analyze both bob-up and bob-down. Since the bob-up and bob-down 
are really separate maneuvers, sensitive to different parameters, the results 
of this bob-up study should not be used to imply any bob-down characteristics. 

Constraints: This is a "dynamic" maneuver done with the maneuver controller. 
The helicopter must maintain its position over the ground, must maintain its 
heading and must stop at 100 feet. 

Fundamental Parameter and MOE: The fundamental parameter for this maneuver is 
the hover maximum thrust to gross weight ratio. The simulation was hovered at 
increasing gross weights until the main rotor hover power available of Table 3 
was reached. This defined the maximum thrust available. Since low speed 
maneuvers are typically power constrained, the maximum thrust-to-weight ratio 
was found to be the best normalizing factor. Tha MOE was defined as the 
maximum rate-of-climb (ROC) achieved during the maneuver. This is not 
necessarily the maximum ROC capability of the aircraft since the maneuver 
requires the aircraft to climb, then slow down and stop at exactly 100 feet. 
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Simulation Results: The hover bob-up fundamental parameter plot is shown in 
rigure 22. This shows the maximum rate-of-climb achieved during the bob-up to 
100 feet versus the maximum hover thrust to gross weight ratio. Ten data 
points are shown, one for each of the study aircraft plus the UH-60A and 
AH-64A at their BDGW. In addition, the trend line from the M/A Phase I study 
is also presented. Note that all these data are for sea level standard 
conditions. Significantly this plot shows that the fundamental parameter of 
thrust/weight does indeed collapse the data from this wide variety of aircraft 
onto a single line. The only two exceptions are the CH-53E and the OH-58A, 
the largest and smallest, respectively, of the helicopters evaluated. In 
addition, the maximum thrust available was limited by power available in all 
cases. The trend line from the M/A Phase I study is somewhat higher than the 
current data, due to the differences in the way the available power was 
handled. In the Phase I study, all the available pcv-sr was utilized by the 
rotor, while in this study appropriate tail rotor and accessory losses were 

accounted for. 

In examining these data more closely, it can be seen that the CH-53E is below 
the trend line, the AH-64A at its BDCU is on the line and the OH-58A is above, 
yet all have about the same thrust/weight ratio. The reason for this is 
explainable in the dynamic nature of the maneuver. 

Review of the time history data shows that the high disk loading Super Stal- 
lion reaches its power limit quickly in the maneuver and is still increasing 
its ROC when the collective has to be lowered to stop at 100 feet. The Kiowa, 
on the other hand, has a very low disk loading. It takes longer to reach its 
power limit and is in a steady climb by the time the collective is lowered. 
The disk loading and power loading differences of these two helicopters result 
in a similar thrust/weight ratio, so their steady rate-of-climb would be about 
the same, but the dynamic effects of the lower disk loading gives th« kidwa a 

quickness advantage in t;his maneuver. 

The effect of addicioncl power on the Mi-28 hover bob-up is shown in Figure 
23. Total aircraft power available was evaluated at values of 4400, 4800 and 
5300 shp. The resulting powers available to the main rotor were 3696, 4032 
and 4452 shp, respectively. The Mi-28 improvement in ROC falls along the 

basic trend line established by the other aircraft. The 4032 shp point 
represents a 9-percent increase in power available and provides a 13-percent 
improvement in ROC. The 4^52 shp case shows that a 20-percent power increase 

yields a 25-percent higher ROC. 

Acceleration from Hover to 80 Knots 

Maneuver: Since the best maneuvering speed for a helicopter is in the power 
bucket (typically 70 to 80 knots), it is important for an aircraft to be able 
to accelerate rapidly from low NOE s,eeds to this maneuvering speed. This 
maneuver is done by lowering the nose and applying power. The time to accel- 

erate is basically limited by power absorbed by the rotor. 
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Constraints: In GenHel, this Is also a "dynamic" maneuver done with the 
maneuver controller.  Limitations imposed included the following: 

a) Altitude must be held constant. 

b) Heading must bJ held constant. 

c) Power available to the rotor could not exceed the amount available 
at 40 knots. 

d) Nose down pitch altitude could net exceed 23 degrees. 

The first two constraints are obvious. The third one was Imposed to limit the 
power utilized at higher speeds. Since the power available varies with 
airspeed, the value at 40 knots was selected. The last constraint was based 
on realistic piloting constraints. Typically, excersive nose down attitudes 
are not used by pilots because of lack of visibility and physical discomfort. 
In order to treat all the helicopters fairly, a 25-degree nose down limit was 
imposed on all of them. 

Fundamental Parameter and MOE: Being a low speed maneuver and hence dominated 
by power available, the acceleration to 80 knots uses the normalized power 
margin as the fundamenta" parameter. This is the main rotor power available 
in hover minus the hover power required, divided by the hover power required. 
While the performance is o: -iously a function of the power available over the 
whole speed rar.ge of the maneuver, the M/A Phase I study showed that the data 
collapsed well using the hover power margin. ."he MOE was the time to get to 
80 knots. 

Simulation Results: Figure 24 shows the hover acceleration to 80 knots 
fundamental parameter plot. This shows the time to get to 80 knots versus the 
normalized hover power margin. The same ten data points are shown as for the 
hover bob-up along with the trend line from the Phase I study. 

For this maneuver, the fundamental parameter collapses the data, but not as 
well as the hover bob-up. The reason for this is that more constraints are 
applied. 

Review of the time history data shows that all the aircraft except the heavy- 
weight Apache are restricted initially by the 25-d-gree nose-down pitch 
attitude limit. At the end of the maneuver, the nose comes c? as the power 
limit is reached for each helicopter. Because of the impact of individual 
aircraft encountering constraints at different times, it is instructive to 
examine the maneuver histories on an individual basis. 

0H-S8A - This helicopter rapidly rotates down to the pitch attitude limit and 
stays there for about two-thirds of the acceleration interval. The nose comes 
up and the Kiowa is on Its power limit for the remaining one-third of the 
maneuver. 
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SA-365N - The Dauphin noses over and sits on the pitch attitude limit for the 
first one-third of the maneuver. It reaches its power limit in this nose-down 
state and the nose comes up for the remainder of the acceleration. The 
SA-365N is power-limited for the last three-fourths of the maneuver. 

S-76A - The S-76 noses down but is on the 25 degree attitude limit for only a 
short time before it becomes power limited. The nose comes up and the air- 
craft remains power limited for about 80 percent of the acceleration interval. 

AH-1S - The Cohra noses over and stays on the -25 degree limit for about 
one-half of the acceleration interval and is power limited for the other half. 

UH-60A - The lightweight (14,685 pounds) AACT BLACK HAUK rotate» quickly to 
the no«*-down attitude limit and stays there for approximately one-half of the 
maneuver. As velocity increases, the aircraft reaches its power limit and the 
nose begins to migrate upward with increasing airspeed to stay on that limit 
for the rest of the acceleration. The heavier (16,825 pounds) BDGW helicopter 
follows a similar profile, but it is slower in rotating to the nose-down limit 
and reaches the power limit sooner. At this point, the BDCU aircraft nose 
migrates upward with increasing airspeed to stay on the power limit. 

AH-6AA - The lightwaight (BDCU) Apache gets to the -25 degree pitch attitude 
limit and stays there for about one-third cf the maneuver. The remainder of 
the acceleration is power limited, with lower pitch attitudes. Longitudinal 
flapping as high as -10 degrees is achieved. The heavier (AACT) aircraft 
never gets to the pitch attitude limit, but gets down to -12 degrees. It is 
power limited for the last 60 percent of the maneuver. 

Ml-28 - The HAVOC rotates down to the -25 degree limit and stays there for 
most of the maneuver, with the nose coming up to -20 degrees as the power 
limit is reached at the end of the acceleration. The results of the power 

available parametric study ar<* illustrated in Figure 25. The same total 
aircraft powers were used as before, yielding values of main rotor power 
available of 3903. 4257 and 4701 shp at 40 knots. This study was very in- 
structive in the effect of maneuver constraints. The 4257 shp case Improved 
the acceleration time by only 0.27 second. This was due to the -25 degree 
pitch attitude limit, which presented the aircraft from using all of the power 
available. As a consequence, the 4701 shp configuration had U2 improvement in 
the acceleration time compared to the 4257 shp case. The nose-down attitude 
constraint limits the maneuver capability, regardless of the power available. 

gH-53E - The Super Stallion rotates down to the attitude limit and stays there 
for about one-half of the maneuver. During the last half the power limit is 
reached and the nose comes up. 

Examination of the Figure 25 Fundamental Parameter Chart shows that the data 
are well collapsed except for the OH-58A. The excessive time for the OH-58A 
acceleration may be due in part to the poor longitudinal trim correlation 

discussed in Appendix E. While a basic trend exists, the inherent differences 
between the aircraft and the effects of the Imposed operational constraints 
result in more scatter than the Phase I data. 
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Deceleration frpa 80 Kn<?t;s t? Hpvgi 

Maneuver: This maneuver is basically a masking one in which the helicopter 
decelerates airspeed quickly from 80 knots t4 hover. Typically, this maneuver 
is flown aggressively to mask the helicopter from potential threats or to 
position it for an air-to-air encounter with a crossing threat. This maneuver 
is performed by pitching the aircraft up and using the aft-directed rotor 
thrust to produce deceleration. To avoid ballooning to a higher altitude, the 
collective pitch must be reduced. 

Constraints: This is also a "dynamic" maneuver using the GenHel maneuver 

controller. 

Realistic constraints applied to this maneuver were: 

a) Altitude must be held constant. 

b) Rotor could not be over-speeded - only driven to zero-torque autorota- 

tion. 

c) Nose-up pitch attitude could not exceed 25 degrees. 

d) Rotor power required could not exceed the hover power available as shown 
in Table 3. This was done because some of the aircraft continued to 
decelerate at low speed using high power. 

The first constraint avoids the natural tendency of the aircraft to gain 
altitude when rotated to nose-up Attitudes. The second one was imposed 
because it is unlikely that the pilot will want to decouple the rotor from the 
engines by over-speeding it when he is in the tactical environment. The pitch 
attitude limit was added because of visibility and comfort reasons as was done 
in the previous acceleration maneuver. The power limit was added to avoid 
having '"he helicopters reach hover with large nose-up attitudes. 

Fundamental Parameter and MOE: For this maneuver, the fundamental parameter 
is the hover power required divided by the gross weight. This did not 
normalize the data as well as the previous maneuvers, but a definite trend was 
present.  The MOE was the time to do the maneuver. 

Simulation Results: This maneuver showed more variety in how the «tight 
different helicopters responded than the previous two. In general, the 
helicopters would nose-up until autorotatlon limited. As the aircraft slowed 
down, the nose-up attitude would increase until the 25- degree limit was 
reached. At the end of the maneuver, the nose would come down, sometimes 
forced by the hover power available limit. As a consequence the data Is more 
scatttred. as shown in Figure 26. Review of the time history data for each 
aircraft highlights the individual "signature" each type has for this 

maneuver. 
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OH-5SA - The Kiowa is autorotation limited tor most of the maneuver, never 
getting to the 25-degree nose-up pitch attitude limit. At the end of the 
maneuver, the nose is forced down by the hover power available limitation. 

SA-365N - For this French helicopter, the initial pitch-up is limited by 
autorotation for about 25 percent of the maneuver time. The attitude then 
increases to the attitude limit until the end of the mane. er. This aircraft 
is not limited by the hover power constraint. 

S-76A - The 5-76A behavior is similar to the Dauphin. The initial pitch-up is 
autorotation limited for 15 percent of the maneuver. The nose comes up as the 
aircraft slows and is at the limit until hover Is reached. The hover power 
available was not a limiting factor. 

AH-1S - The Cobra is restricted by all of the limitations. In the initial 
part of the flare, the nose pitches up and is limited by au'orotation for 
about one-third of the deceleration time. As the AH-1S slows, t: - nose comes 
up further and hits the 25-degree attitude limit for about ten percent of the 
maneuver time At the end, the nose is driven down by the requirement to not 
exceed the hover power available. 

UH-60A - The UH-60A at its AACT weight was on the autorotation limit initially 
for about ten percent of the maneuver time. As the helicopter slowed, it was 
able to gradually increase its nose-up attitude until the limit was reached. 
The hover power limit was nop encountered at the end of the maneuver. The 
BDGU case was very similar. The helicopter was on the autorotation limit a 
little longer (15 percent of the maneuver) and all of the maneuver was some- 
what more gradual.  Again, the hover power available was not a limitation. 

AK-64A - With similar disk and blade loadings compared to the S-76A and 
UK-6ÜA. the Apache (both AACT and BDGU) performed the deceleration in a like 
manner. The initial flare was autorotation limited for about 10-15 percent of 
the maneuver time, then attitude limited in the middle of the deceleration. 
The hover power available did pot constrain the pitch attitude at the end of 
the maneuver for either weight. 

Mi -28 - The higher disk loading of ehe Soviet vehicle results in it only 
touching the autorotation limit and then staying on the pitch attitude limit 
for most of the deceleration until the end when tht nose drops to achieve 
hjver.  The hover power available constraint was not a limiting factor. 

No parametric evaluation of this maneuver was done since engine power avail- 
able was not a factor. 

CH-5)E - The big Super Stallicn simply noses-up to 25 degrees and stays there 
for most of the maneuver with the nose coming down at the end. It was not 
restricted by either the autorotation boundary or the hover power available 
constraint. 
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This maneuver is a good illustration of the interaction between the individual 
helicopter characteristics and the realistic constraints. The low disk 
loading OH-58A is autorotation limited for most of the deceleration and never 
has a pitch attitude higher than 22 degrees. Aircraft with higher disk 
loading are only autorotation limited initially, then pitch attitude con- 
strained. The higher disk loading CH-53E never gets to the autorotation 
boundary. At the end of the maneuver, sone of the helicopters are constrained 
by the hover power available limit, but others are not. This interaction 
between the vehicles' intrinsic design features and reasonable operational 

limits results in the scatter shown in Figure 26. 

fi&rKnot Steady CUfflb 

Maneuver: Good bucket-speed climb performance is very important for scout/ 
attack helicopters, especially in air-to-air encounters. The ability to 
quickly climb to catch an enemy or, alternatively, to be able to climb quickly 
to avoid an engagement is one of the most important attributes that a combat 

helicopter could have. 

Constraints: This is a static maneuver done using the trloaning autopilot. No 
particular constraints are applied except that the helicopter is trimmed wings 

level in a steady climb. 

Fundamental Parsrreter and MOE: The fundamental parameter is the normalized 
power margin. This is the power available at 80 knots minus the level flight 
trim power required, divided by the trim power. The MOE is the maximum 
rate-of-climb achieved. For this study, the main rotor power available and 
power required were used, as shown in Table 3. 

Simulation Results: The fundamental parameter plot is shown in Figure 27. 
Although this is a "static" maneuver, the data shows some scatter but compares 
well to the baseline from the M/A Phase I study. The BLACK HAWK and S-76A do 
slightly better than the trend while the OH-58A and Mi-28 are worse. The 
OH-58A is beyond its bucket speed at 80 knots while the Mi-28 was evaluated in 

a high-drag, ATC configuration. 

The effect of increased power available on Mi-26 performance is shown in 
Figure 28. The improvement in ROC is just as expected, matching the basic 
trend of the other aircraft and the baseline Phase I study. However, an 
offset still remains, indicating a lower climb efficiency than most of the 

other helicopters 

80-Knot Steady Turn 

Maneuver: The bucket-speed level turn is a critical tactical maneuver, both 
for air-to-air and air-to-ground missions, and should be a critical design 

parameter. 

Constraints: This is a "static" maneuver, flown coordinated at both constant 
altitude *nd constant airspeed 
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Fundamental Parameter and MOE: This mid-speed steady turn is dependent on 
both rotor thrust capability and on excess power available. The fundamental 
parameter is power loading over blade loading. Power loading was defined as 
main rotor power available at 80 knots dividad by gross weight while the blade 
loading was defined non-dimensionaliy as 1 C_/a in hover. The MOE was maximum 

load factor achieved. 

Simulation Results: The simulation results are shown in Figure 29. Five of 
the ten aircraft trend well and match the M/A Phawe I baseline data. The 
AH-1S and AACT BUCK HAWK are somswhat better while the Dauphin, Mi-28. and 
CH-53E are worse.  In all cases, the load factor capability was power limited. 

The results of the Mi-28 parametric study (Figure 30) are very revealing. A 
9-percent increase in power available only improves the load factor capability 
by 0.04g, while a 20-percent increase produces only 0.07g. This is clearly an 
indication of rotor stall and shows that at 80 knots rotor thrust capability 
begins to have a significant effect on the maneuvers. In other words, the 
thrust capability and power available need to m^tch. An excess of either is 
not beneficial to this maneuver 

80-Kn9t Decelerating, Turn 

Maneuver: The decelerating turn is very important in oir-to-air combat. 
Basically, it utilizes the kinetic energy of the aircraft to improve turn 
capability. The maneuver is entered at mid to high speeds with the objective 
of turning as quickly as possible, without regard for the exit speed. Cnce 
the turn is entered, the rotor angle-of-attack la increased while collective 
pitch is lowered, putting the rotor in an autorotative state to capitalize on 
the higher thrust that this permits 

Cor.strain.tg: This i« a "static" maneuver, done using the trimming autopilot. 
The helicopter was trimmed in a coordinated turn at 80 knots. The nose wai 
.aisod to provide deceleration until it re hed a zero torque autorotaticn. 
Then the bank angle was increased and the ocess repeated until the rotor 
reached incipient stall, defined as having a lotor stall parameter. bC../o. of 
0.004. Thus, the trimmer generated the highest turn rate/deceleration possi- 
ble with the rotor simultaneously in autororation and at its »tall boundary. 

fundamental Parameter and MQ5: The fundamental parameter is the nondimen- 
sional thrust margin, defined as the fcaximum C_/fl available minus the level 
flight trim value, divided by the trim value.  Turn rate was used as the MOE. 

Simulation Pxesults: The 80-knot decelerat ing turn results are plotted in 
Figure 3i. No baseline trend line was available from the M/A Phase I Study. 
. ,e data are well collapsed, showing that the fundamental parameter normalizes 
the results properly. The CH-S3E does better than expected while the AH-IS is 
worse. The high disk loading of the Super Stallion requires a higher rotor 
angle-of-attack to produce aut ..rotation which improves Its deceleration 
capability while the AH-IS shows the opposite effect due to its low disk 
loading. The 0H-b8A should also be below the trend, but 8C knotc is well 
above its bucket speed, so it suffers a disproportionate loss in maximum C /a 
capability. 
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The Mi-28 parametric results are shown ir. Figure 32. In this maneuver, the 
rotor thrust capability was enhanced by operation at 105 percent rotor speed. 
The resulting increase in turn rate matches well with the basic trend of the 

other helicopters. 

13Q-Knst D?cel?Efltine Turn 

Maneuver: This maneuver is identical to the 80 knot version except it is done 
at 130 knots. 

Constraftpts: This "static" maneuver was done in the same manner as the 80 
knot case. 

Fundamental Parameter and MOE:  These are the same as the 80-knot decelerating 
turn. 

Simulation Results: The GenHel data for the 130-knot decelerating turn are 
shown in Figure 33. Note that the OH-58A is absent because it cannot perform 
this maneuver.  Its maximum design level flight speed is about 120 knots. 

These data show a well defined trend line, though not as collapsed as the 80 
knot data. Again, the CH-53E is somewhat above the basic trend and the AH-IS 
below. The turn rates are much lower, typically one-half of the 80 knot 
values. This is due to the decrease in rotor thrust capability at higher 

advance ratios. 

Operation of the HAVOt at 105 percent rotor speed (Figure 34) improves its 
capabilities somewhat more than expected. The increased rotor speed has two 
effects. First it increases the maximum CT/o and decreases the trim C /o. 
Secondly, it slightly reduces the advance ratio and allows a higher C /o to be 
reached before the stall limit is encountered. 

W-Krm Pull-up. 

Maneuver: The high-speed symmetrical pull-up is tactically important for 
situations where a rapid change in altitude is required, such as obstacle 
avoidance «i* escape from a tailing threat. The maneuver Is limited by the 
rotor thrust capability and, because of ins transient nature, not restricted 
by power available. 

Constraints: This maneuver was performed dynamically with the maneuver 
controller. The aircraft had to remain wings-level, maintain heading and not 
exceed a rotor stall parameter of 0.0125. representing deep stall. Power re- 
quired could not exceed power available, but for all aircraft this power 
limitation wee never Imposed. 
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Fundamental Parameter and MOE: The fundamental parameter for the high-speed 
pull-up was the normalized thrust margin, the same parameter used for the 
decelerating turns. In this case, of course, the C./a values were calculated 
for 140 knots.  The maximum load factor achieved was the obvious MÜE. 

Simulation Results: The results of the 140-knot pull-up are shown in Figure 
35. Again, the OH-58A is not present because it cannot do this maneuver. The 
data points are well trended and closely match the M/A Phase I study result. 
The AH-IS, however, is well below the expected value because it hits the rotor 

stall boundary sooner than expected. 

The Mi-28 does slightly better than expected at 105 percent rotor speed 
(Figure 36). This is due to the reduction in advance ratio and consequent 
improvement in rotor stall capability as noted in the decelerating turn 

discussion. 

130-Degree Hover Turn 

Maneuver: The ability to perform a hover turn quickly and to come to & 
desired heading with little overshoot is very important for both targeting and 
attack. It requires both high control power (acceleration) and high damping. 
This maneuver is made with the pedals and is essentially independent of main 

rotor attributes. 

Constraints: This was a "dynamic" maneuver. The helicopter had to remain in 
position at constant altitude and turn exactly 180 degrees with no overshoot. 
Pilot experience dictated a limit on yaw rate of 60 degrees per second, since 
values above this limit make it difficult to stop on a desired heading without 
excessive overshoot. Since CenHel uses a Bailey-type tail rotor model, the 
tail rotor C /o was arbitrarily limited to 0.14. For the Dauphin, the 
Fenestron thrust was calculated using Sikorsky's existing Fan Tail model which 

properly accounts for the augmentation due to the duct. 

Fundamental Parameter and MOE: In the original Phase I Study, the fundamental 
parameter was tail rotor solidity. For the wide variety of aircraft in this 
effort, the fundamental parameter was defined as the theoretical yaw accelera- 
tion capability. This was calculated by assuming a maximum C /a capability ot 
0.14. calculating the maximum static thrust available, subtracting the thrust 
required for hover, and calculating the residual yaw acceleration available. 

The measure-of-effectiveness was the time required to make the 180-degree 

turn. 
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Simulation Results: Figure 37 shows the simulation results. Surprisingly, 
the times to turn were all v«ry similar and relatively insensitive to the 
fundamental parameter. The reason for this was the presence of the yaw rate 
limit. Helicopters with more acceleration capability could not use it since 
they simply ran into the rate limit sooner. The excessive time for the CH-53E 
reflects a thrust limit on the tail rotor below the 0.14 c/a assumed by the 

fundamental parameter. 

The effect of yaw inertia on the HAVOC hover turn is presented in Figure 38. 
Inertia was varied by 10 percent above and below the baseline value. This 
resulted in a change in the hover turn time of about 1/4 second in each case. 

DISCUSS: ' OF RESULTS FOR EACH AIRCRAFT 

Overall, the UH-60A and AH-64A at their light weights had the most consistent- 
ly good maneuvers. Adding a ton to each helicopter to bring them to their 
high gross weight configurations significantly reduced the maneuver results. 
The CH-53E did surprisingly well for such a lar^e aircraft, but recall that it 
was flown at a mid-weight and at 105 percent rotor speed. The two civil 
aircraft, the SA-365N and S- 76. in general did poorly. Both have high power 
loadings which significantly affected the maneuver results. The older genera- 
tion military helicopters. AH-1S and OH-58A. tended to fall between the civil 
aircraft and the modern military ones. The Mi-28 did not do as well as 
expected. This is due basically to the high weight/high drag configuration 
that was evaluated. The analytical study in Appendix L shows that a lighter 
weight HAVOC could have maneuver capabilities comparable to the AH-64A and 

UH-60A. 

Overall, the fundamental parameter charts worked very well. They collapsed 
the maneuver results from this wide variety of aircraft and are useful in 
predicting the effect of parametric changes on the maneuver results. It is 
clear, however, that the presence of reasonable operational limitations can 
have a strong effect on the maneuvers. while the fundamental parameter plot* 
provide a useful guide to the capability of an aircraft or design, the actual 
maneuver result! can only be determined by flying the CenHel s<aulation 
(or an equivalent simulation) through the maneuver. 
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Sea Level Standard Conditions 
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• II          1          1 
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Figur«  37.      180-Degr««  Kover Turn Sn—iry Chart 
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Sea Level Standard Conditions 

• i                     ill 
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Figur«  38.     Efface of Yav Inartla on Hl-28  180-D*graa Hovar Turn 
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AACT PAXA ANALYSIS 

INTRODUCTION 

This section of the report discusses the analysis of the air-to-air combat 
flight test data. These data were supplied by the U.S. Array and covered 
one-on-one engagements between a variety of helicopters. Sikorsky conducted 

an analysis to determine when firing opportunities occurred and an evaluation 
of the maneuvering that took place in each engagement relevant to these firing 
opportunities. The basic methodology was .0 develop software which would 
synthesize the view out of each cockpit during the engagements. This was 
coupled with a firing window analysis code which calculated the range and 
boresight angular error between the aircraft. These firing window data were 
superimposed on the cockpit views. The user could then replay the engagement, 
note what maneuvering took place, and define the times and durations of the 
firing opportunities. Although the contract statement of work only required 
analysis of six engagements foi" each pair of aircraft, the procedure was so 
efficient that all 59 of the engagements provided by the Army were analyzed, 
providing a very comprehensive data base. 

Overview of Air Combat Tests 

Realizing the increasing threat posed by armed helicopters, the U.S. Army has 
been involved for many years in a program to assess the requirements for 
air-to-air combat. One phase of this program has been conducting dissimilar 
air combat tests between various state-of-the-art helicopters (Reference 5). 
These tests simulated the air-to-air combat that could arise from a chance 
encounter between two helicopters. Initial activities focused on fixed-gun 
engagements (no missiles or rockets) but later studies evaluated turreted 
guns. These one-on-one engagements were flown at the Naval Air Test Center 
(NATC) at Patuxent River, Maryland, and were intended both to evaluate the 
maneuverability and agility of current helicopters and to assess future 
requirements for this type of mission. 

The first series of tests, designated Air-to-Alr Combat Tests I (AACT I), was 
flown in April 1983 using a Bell OH-58A and a Bell AH-1S. This AACT developed 
and validated tne techniques for obtaining and processing air combat data. 
These flights demonstrated that tests of this nature could be safely perform»d 
and generate useful data. 

A second series of tests. AACT II, was flown in July 1983. Three aircraft 
were involved: a Sikorsky UH-60A, a Sikorsky S-76A (in its armed utility 
version designated AUH-76) and a Bell OH-58A. The main objective of AACT II 
was to establish a data base of helicopter H/A ch racteristics for a variety 
of different designs. 

AACT III, the third series of flight tests, was flown in December 1984. The 
following helicopters participated: Hughes H-530F. Bell OH-58A. Bell AH-IS 
and Hesserchaidt-Bolkow-Blohw/Kawasaki BK-117. For this series of tests, 
laser weapon simulators were fitted to the BK-117 and H-b30F tu represent 
fixed-forward 20mm guns. 
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The success of the first three flight tests resulted in AACT IV being conduct- 
ed in April 1987. Aircraft utilized for this activity included: Aerospatiale 
SA-365N1, McDonnell Douglas AH-64A, Bell Model 406 Coabat Scout and Bell 

AH-1S. The B-406 is similar to the OH-58D \d 'anced Helicopter Improvement 
Program (AHIP) aircreft in havir.g a four-blad-d hingeless rotor and upgraded 
engine. In these flight tests, the laser weapon simulators were mounted on 
the turrets of the Apache and Cobra to allow evaluation of turreted guns in 
air-to-air combat. 

Once data from the AACT flight tests were available, a significant data 
analysis effort was required. In the M/A Phase I study, several encounters 
were analyzed to evaluate maximum maneuvering while achieving firing opportu- 
nities. The process of examining the AACT encounter time histories was very 
laborious. A computer code was available to calculate the distance between 
the helicopters and the relative azimuth and elevation angles. The time steps 
where one aircraft was within the firing window of the other could be deter- 
mined from these data. But, analysis of the maneuvering before, during and 
after the firing opportunity was performed manually. The engineer had to 
inspect time history plots of positions, attitudes, velocities, angular rates 
and control inputs to determine what each helicopter was doing. An automated 
method tor this analysis was clearly needed. 

Th.5 approach taken in this study wss to develop software which would allow 
playback of the AACT data on a workstation-based simulator. This allowed the 
engineer to recreate the view out of each cockpit during the engagemsnts. To 
aid in this analysis, a mode was available to show the overhead view of the 
engagement or, in fact, the view of the engagement from any fixed point in 
combat space. The analysis of the maneuvers was significantly enhanced by 
this approach. 

SQFTVAftE PSVEWKE£E 

The software developed for analysis of the AACT data is shown schematically in 
Figure 39. The original data were supplied to Sikorsky by *ATD in the form of 
floppy disks. These data were then read into a conversion module. This 
o-.odule broke the data into separate files arranged by counter number. A 
counter number had been assigned to each engagement. The firing window 
analysis code and simulation software use different earth referenced coordi- 
nates than the AACT data, so two coordinate transformations were employed as 
illustrated in Figure 40. The output of th* conversion module wac restruc- 
tured data files. These files, one per counter, contained the data in each of 
the new axes systems and the firing window analysis data. This restructured 
data file was then used to drive the synthesized replay of *he AACT engage- 
ments.  In addition, a plotting routine was also available. 

One of the most important aspects of this effort was the validatier, of the 
results because of the extensive manipulation of the data required. Within 
the simulation module itself, evaluations were conducted to assure that the 
views out of each cockpit and from overhead wer« compatible. More important- 
ly, the  firing window  data which were separately  derived Irom the  original 
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AACT information were compared with the out-of-cockpit views. The user could 
easily confirm that the view out of the cockpit and the range, azimuth and 
elevation to target data superimposed on it were compatible. Extensive 
verification work of this kind was performed to assure that the flight test 
conditions were properly replicated. 

A detailed discussion of the software modules is given below. 

Conversion Module 

The conversion module has three functions. The first is a reconfiguration 
program that reads the data files supplied by the Army and separates them into 
distinct files by counter number. The second is a coordinate axis transforma- 
tion program to make the AACT data compatible with the NASA coordinate system 
used by the firing window analysis and compatible with the earth-referenced 
coordinate system of simulation module. Care had to be exercised in these 
transformations because? of the large number cf 360-degree shifts in the angle 
data. The third function of the conversion module was to exercise a firing 
opportunity analysis cod«. This program was originally developed in the M/A 
Phase I study (Referenc 2) in the Speakeasy language. For this application. 
it was converted to the C programming language. This program reads the test 
data and calculates the range in meters and the azimuth and elevation angles 
in degrees between one helicopter and the other in the body axes of the first. 
The final output of the conversion module is a restructured data file for each 
counter that contains the transformed data and the firing window data. 

Simulation Moduls 

The simulation module creates a visual representation of r*>» engagement. This 
Silicon Craphlcs 3130 software utilizes high resolution, solid-color, poly« 
gonal computer-generated Imagery. In addition to display of the other heli- 
copter, the terrain around the Patuxenr River Naval Air Test Center (the AACT 
test site) was also modeled. Two simulation playback modes were available. 
The basic software for these modes had been developed previously under 1R&D 
funds but extensive customizing was required for this M/A study. Both modes 
read the restructured data file and can replay the AACT engagement in slov, 
real, or fast time, or frame by frame. One mode displays the view out of the 
cockpit and can be toggled from one cockpit to the other. 

Digital data superimposed on the cockpit display Includes: 

Own Ship - airspeed, altitude, heading, sideslip, bank angle 

Other Ship • relative azimuth and elevation angles, resultant angle, 
airspeed 

Information • time, which cockpit this view, type of view (slow, real. 
fast, fraie) 

The oth»r mode allows a view of both helicopters from any fixed oolnt In the 
combat space. Digital data superimposed on this display Includes time, firing 
window data, and each helicopter's altitude, airspeed enJ sideslip angle. 
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Elfliüns Modul« 

The plotting software was a modification of an existing program. The modifi- 
cations allowed plotting of multiple parameters per page and addition of 
parameter titles. 

EWnCEKBT ANALYSIS 

Uith the engagement playback available, analysis of the firing opportunities 
was easily achieved. Each encounter was viewed and as the aircraft moved into 
position, the results of the firing window computation could be inspected. 
The firing window for this study was defined as a range less than 1500 meters 
and azimuth and elevation angles less than plus or minus three degrees. No 
minimum time in the firing window was required before "activation" of the 
duration counter. Detailed discussion of each of the 59 encounters is 
presented in Appendix J along with a table cf the Initial conditions. The 
encounters analyzed were divided among the AACT data as follows: 

AACT II     UH-60A vs S-76A 
Counters 208018 to 208028 

S-76A vs OH-58A 
Counters 23020 to 23038 

UH-60A vs 0H-58A 
Counters 27026 to 27043 

AACT III    AH-1S vs OH-58A 
Counters 302013 to 302021 

AACT IV     AH-64A vs SA-356N 
(AH-64A fixed gun) 
Counters 411009 to 411023 

AH-64A vs SA-365N 
(AH-64A turreted gun) 
Counters 417001 to 417012 

The engagement counter numbers are principally used for AACT data base access. 
They are five or six digit numbers encoded with the following Information: 

First Digit AACT number 
27027 - AACT II 

£17001 - AACT IV 

Second. Third Digit  -     Flight number 
22027 - Flight #7 

412001 - Flight #17 

Last Three Digits Engageaent number 
27027 - Engagement #27 

417QQ1 - Engagement #1 
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While tha dataila of tha individual engagements ara presented In Appandix J 
son« overall comaanta on tha engagaaenta can ba Bade and ara praaantad below. 

Theae teata were diatinguiahed by very extensive maneuvering of each aircraft. 
Bank anglea of over 90 degreea were achieved by both helicopters. 'Jnbanked, 
or pedal turns were alao uaed frequently. The BLACK HAWK had the most firing 
opportunities due to ita lower power loading. 

UH-60A va OH-58A 

Theae teata consisted mainly of tail chasea and S-turns with tha UH-60A in tha 
dominant poaition most of tha time. The BLACK HAWK frequently has bank angles 
of near 90 degreea and in one encounter makaa a 52-degree left bank angle to 
gain position on the Kiowa. Tha OH-S8A maneuvers were restricted to bank 
anglea of 60 degreea or laaa. The lower power loading and higher maneuver- 
ability of the UH-60A allowed it to dominate the engagements. 

S-76A v« OH-58A 

Theae encountera featured tight tuma and ahort rangea. Neither aircraft had 
bank angina over 60 degrees, tut the S-76A Bade extensive us* of pedal turna. 
The S-76 had tha largest number of valid firing windows. 

AH-1S vs OH-58A 

The engagaaenta of theae two helicoptera do not show tha very aggressive 
maneuvering seen in the previous palra. Several of the encountera had one 
aircraft remain in hover while the other targeted it. ao theae ara not really 
repreaentative of air-to-air combat. Both helicoptera made uae of pedal turna 
to try and gain an advantage. 

SA-365N va AH-64A (fixed sun) 

Tha Dauphin frequently made use of mid-speed pedal turns to target the Apache. 
The Apache waa abie to use Its lower power loading to gain altitude over the 
SA-36SN. but thla did not neceaaarily give It firing opportunities on the 
Dauphin. In one care the encounter waa initialized with the Apache on the 
tail of the Dauphin, but neither aircraft achieved any firing opportunities. 
On the other hand, when the acenarlo waa lnltlallted with the SA-365N on the 
tall of the AH-UA. the Dauphin got a firing window aa the Apeche Tied to 
turn in on it. 

The original AH-64A/SA-365N data aupplled by the Army inadvertently covered 
engagaaenta where the AH-64A waa slaulating use of a turreted gun in air-to- 
air combat. Theae data were analysed for flxnd fun firing opportunitlea 
before the error waa dlacovered. A review of the maneuvering eequencee ahowa 
that they were almllar to the fixed gun engagaaenta with the SA-365N ualng 
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pedal turns to gain advantage and the Apache Baking use of its better climb 
capability. However, since the Apache vas simulating the use of a turreted 
gun, there was no requirement for the pilot to aggressively drive his attitude 
toward boresight alignment with the Dauphin. Data for these cases are 
provided since the analysis was done, but they were not used in the 
correlation study and no conclusions should be drawn from them. 

Firing Opportunities Analysis 

The mathematical firing opportunities that occurred in the 59 encounters 
analyzed are summarized in Table 6. The columns in Table 6 are numbered at 
the bottom for the purpose of identifying the data as explained in the 
following paragraphs: 

Column 1 lists the helicopters Involved and counter numbers of the AACT flight 
test data files for each scenario where the helicopter number is used for 
identification in subsequent data entries of the table. Column 2 is the 
length of the encounter to the nearest second. 

Column 3.1 lists the minimum vector value of the azimuth and elevation angle» 

from the body reference axis of helicopter 1 to the center of helicopter 2. 
The azimuth and elevation angles are tabulated in column 3.2. All angles are 
in degrees. Column 3.3 is the range between the two helicopters in enters at 
the same time step as the data of columns 3.1 and 3*2. 

Columns 4.1, 4.2 and 4.3 are the same data definitions as 3.1, 3.2 and 3.3 
except that the frame of reference is from the body reference axis of 
helicopter 2 to the center of helicopter 1. 

Columns 5.1, 5.2, 5.3, and 5.4 list data for the geometric firing windows that 
are less than or equal to ±3 degrees in both azimuth and elevation angles. 
The minimum azimuth and elevation angles for the less than or equal to ±3 
degree azimuth and elevation bursts «re listed In column 5.2. The first entry 
of column 5.3 is the number of time steps that the azimuth and elevation 
angles are less than or equal to ±3 degrees. One time step is equal to .1 
second for all the data evaluated. The second data entry of column 5.3 is the 
starting time of the firing window. 

Column 6 is the minimum range for the entire flight sequence. Columns 7.1 and 
7.2 are the maximum bank angles for helicopters 1 and 2, respectively. 

Out-Of-Cockpit Views 

Figures 41 through 46 present out-of-cockpit views of selected engagements 
from each of the 5 helicopter pairs. Each of these views had pertinent 
information superimposed over the displey as shown in Figure 47. For views 
from other locations in combat space, data on both alrcreft were provided as 
shown In Figure 48. 
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The criteria for choosing the engagement presented was, in order of prefer- 
ence, a scenario vlth the most accurate 3-degree firing window, a sequence 
which had the longest 3-degree firing window duration, or the scenario with 
the closest range during its firing window. Thus the engagement chosen 
represents the best firing opportunities for e*c.i helicopter pair. 

The flight scenario counters chosen were 208019, 302014. 417003, 411011, 
23038, and Ü7026. 

For the S/6 versus the UH-60A scenarios, flight sequence counter 208019 was 
the clear choice. The only other possible candidate, counter 20827, had « 
firing window of only .1 second in duration (Figure 41). 

For the AH-IS versus the OH-58A set of scenarios, the flight sequence choice 
was counter 302014.  Although this flight sequence only had a .2-second 3~ 
degree duration firing window,  the only other possible candidate flight 
sequence, counter 302018, did not Include a 3-degree firing window during the 
maneuvering segment of the eraagement (Figure 42). 

The AK-64A versus the SA-365N turreted gun encounters had several candidate 
flight sequences. Flight scenario counter 417005 was not chosen since the 
AH-64A for reasons unknown did not maneuver while the SA-365N-1 scored Its 
13-degree firing window, and flight sequence counter 417009 was not chosen 
since the ±3-degree firing window was scored before the initial pass of the 
two helicopters. Consequently, the final choice was flight scenario counter 
417003 (Figure 43). 

Fcr the AH-64A versus SA-365N fixed gun engagements, the selected cockpit view 
was counter 411011. This shows the two helicopters trying to turn In on each 
other. The Apache is making a banked turn while the Dauphin has pedal 
turned to achieve a firing window (Figure 44). 

The choice for the best flight sequence with a ±3-degree firing window for the 
S-76 versus OH 58A flight scenarios was straight forward since the chosen 
flight sequence, counter 23038. had a very accurate firing window. The ±3 
degree firing window was .0 degree in azimuth and .2 degree In elevation and 
was held for 1.8 seconds (Figure 45). 

For the UH-60A versus OH-58A flight scenarios, the best flight sequence 
counter was 27026. It represented the aost accurate, longest duration, and 
closest range combination ±3-degree firing window score. Several of the other 
encounters had more accurate and longer duration 3-degree firing windows but 
they occurred before the initial pass of the two helicopters. and so while 
they were calculated, they were net valid engagements (Figure 46). 
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AZMITHDEG 0.0 
1            ELEVIN DEG 0.2 

RANGE M 357 

AIRSPEED KTS 30 

ALTITUDE FT 1795 

TIME SEC 02.0 

RESULTANT 0.2 
BANK ANGLE -3 
HEADING 188 
SIDESLIP -1.5 

BOGY ASP KTS        71 
VIEW FROM S76 

REAL TIME 

Figur« 47.     OverUyed Data Blocks,   Cuc-of-Cockpit  View« 

DATA FOR BROWN HELO DATA FOP OD HELO 

S-76 TIME SEC 54 UH-60 
SLOW TIME 

AZMITH DEG 06 AZMITH DEG 68 
ELEVIN DEG 19 ELEVIN DEG 20 
RANGE FT 459 RANGE FT 459 
AIRSPEED KTS 73 AIRSPEED KTS 89 
ALTITUDE FT 1202 ALTITUDE FT 704 
SIDESLIP DEG 1.7 SIDESLIP DEG 03 

Figur« 48.     Overlay«* D«t*  Blocks.   External Vl«vs 
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SCORING AND RATING METHODOLOGY 

INTRODUCTION 

This section of the report discusses the scoring systems devised for the 
simulated maneuvers ar.d for the AACT engagements. The first part of this 
section will deal with scoring of the simulated maneuver results. This will 
Include derivation of weighting factors for alr-to-alr (ATA), air-to-ground 
(ATG), nap-of-the-earth (NOE), and contours (CON) flight regimes. With the 
score for each maneuver available, a M/A rating could be obtiineu by taking 
the average of the scores for all nine maneuvers. The second part of this 
section will cover the scoring for AACT engagements where a firing opportunity 
occurred. This scheme used the tim* in the firing window, range and angular 
error to calculate points for each engagement. Taa final score was the sum of 
the points for that aircraft. 

These M/A air-to-air ratings and the AACT scores were used as the basis for 
the correlation covered in the next section of this report. 

SCORING OF SIMULATED MANEUVERS 

Methodology 

The method for calculating the score for each maneuver is shown in Figure 49. 
For the hover bob-up, 80-knot steady turn, 80-knot steady climb, 80-and 130- 
knot decelerating turns and HO-knot pull-up, the MOE is better when it is 
numerically higher. For these cases a minimum acceptable maneuver result and 
a desired result for a highly agile and maneuverable helicopter were defined. 
These minimum and desired results were based on discussions with Sikorsky 
pilotA and by reviewing the CenHel maneuver results themselves. The intent 
was to scale the scores so that most of the helicopters would fall between the 
minimum and desired results and so that the desired value would represent 
future requirements. The minimal valu« was assigned a score of zero while the 
desired value had a score of 100. The score for the maneuver was linearly 
Interpolated between these two values based on the oaneuver result. If the 
maneuver MOE was less than the minimal value, it was given a zero score, not a 
negative one. On the other hand, if the maneuver result was better than the 
desired value, a score greater than 100 was allowed. 

For the zero to 80-knot accelerations, the corresponding decelerations and the 
hover turn, the MOE was time to complete the maneuver, so a numerically lower 
MOE is a better result. In this case a maximum value for the maneuver was 
defined and given a zero score with the desired value again having a score of 
100. Again, the scores were a linear interpolation between the desired and 
maximum values. Times higher than the maximum value were assigned a zero 
score, but ones lower than the desired value were allowed their Interpolated 
scores. The values for minimum or maximum and desired results for each 
maneuver are shown In Table 7. In addition, the scoring equation for each 

maneuver is also presented. 
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HIGHER M.O.E. IS BETTER (Turn Rate, Load Factor, etc.) 

SCORE 

MIN ACTUAL 

MOE. 

DESIRED 

wOWER M.O.E. IS BETTrR (time) 

SCORE 

100 ^ 

l   ^s» 
I 

m    l 
l i N^ 
I 

0 l 
T 
I I 

DESIRED ACT UAL MAX 

MOE 

Figur« 49.  Maneuver Scoring Methodology 
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TABLE 7.  MANEUVER SCORING EQUATIONS 

MANEUVER MINIMUM DESIRED MAXIMUM  SCORING EQUATION 

HOVER BOB-UP 

0 TO 80 KT ACCEL 

80 TO 0 KT DECEL 

500 fpn 2000 fpa 

9 sees 

12 sees 

80 KT STEADY CLIMB 1000 fpm 4000 fpn 

.  80 KT STEADY TURN 1.6 g's 2.6 g's 

80 KT DECEL TURN 20 deg/sec 45 deg/sec 

130 KT DECEL TURN 8 deg/sec 20 deg/sec 

8. 140 KT PULL-UP 1.5 g's 2.75 g's 

9. HOVER TURN - - - 3.5 sees 

- - - S-[(ROC-500)/1500]*100 

14 sees S- 100 - ((T-8)/6]*100 

12 sees S- 100 - ['T-12)/6]*100 

- - - S-((ROC-1000)/3000]*100 

- - - S-((Nz-l.6)/1.0J*100 

- - - S-[(PSID-20)/25)*100 

- - - S-l(PSID-8)/12]*100 

- - - S-[(Nz-1.5)/l.25)*100 

8.0 sees S-100-((T-3.5)/4.5]*100 

HllSlUlnE factors. 

It Is clear that different maneuvers have different levels of Importance, 
depending on the alsslon. For example, the hover bob-up Is not very laportant 
In air-to-air coabat, but It Is critical in NOE flight. The M/A Phase I study 
(Reference 1) contained pilot ratings of each of tha nine maneuvers for four 
different alsslon eleaents - air-to-air combat, air-to-ground coabat, nap-of- 
tha-earth and contour flying. These ratings vere baaed on a poll of 13 pilots 
and assigned a value of 1 for aost critical, 2 for moderately critical and 3 
for least critical. The results ara shovn In Tabla 8 along with a conversion 
equation which changed these pilot ratings Into weighting factors. Tha 
weighting factor was scaled froa zero -o 1.0, with 1.0 being aost beneficial 
and 0.0 being not laportant. 

Overall, the results look very reasonable. A bar graph chart of tha resulting 
weighting factors Is shown in Figure 50. The hover bob-up. for exaapla, got a 
weighting factor of 0.1 for ATA coabat. but 1.0 for NOE flying. Conversely, 
the 140-knot pull up has a weighting factor of 0.9 in ATA coabat but only 
0.05 in NOE flight. 

By taking the aaneuver scores and filtering thea through the weighting factors, 
an assassaent of tha overall M/A characteristics of the helicopter can be aade 
together with its capability In varloua flight aodes. 
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TABLE 8. N/A VEIGKTING FACTORS DERIVATION 

MISSION 
MANEUVER ATA ATG NOE CONTOUR 

PR UF PR WF    PR WF PR     WF 

1. HOVER BOB-UP    2.8   0.10   1.8   0.60   1.0   1.00   2.1   0.45 

2. 0 TO 80 KT      1.2   0.90   1.7   0.65   1.4   0.80   1.7   0.65 
ACCEL 

3. 80 TO 0 KT      1.6   0.70   1.9   0.55   1.4   0.80   1.7   0.65 
DECEL 

4. 80 KT CLIMB     1.3   0.85   2.1   0.45   2.3   0.35   1.5   0.75 

5. 80 KT STEADY    1.6   0.70   2.1   0.45   2.5   0.25   1.6   0.70 
TURN 

6. 80 KT DECEL     1.9   0.55   1.5   0.75   1.7   0.65   i.7   0.65 
TURN 

7. 130 KT DECEL    1.2   0.90   2.0   0.50   2.8   0.10   1.8   0.60 
TURN 

8. 140 KT PULL-UP  1.2   0.90   2.0   0.50   2.9   C.05   1.9   0.55 

9. HOVER TURN      1.9   0.55   1.5   0.75   1.0   1.00   2.4   0.30 

PR - pilot racing 

VF - weighting factor 

WF - 1.00-[(PR-1)* 0.50 
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Aircraft s&gifii and Rating» 

The resulting M/A scores and ratings are presented in Tables 9 to 23.  The 
first ten tables cover the eight aircraft studied with the UH-60A and AK-64A 
evaluated at both their AACT weights and their BDGU. The next five tables 
cover the Mi-28 parametric study. 

Each table provides a list of the nine maneuvers, the maneuver HOZ result the 
basic score for that maneuver based on the scoring equations of Table 7 and 
the scores for each of the four mission elements calculated by using weighting 
factors of Table 8. For example, in Table 9, the UPT-60A at its AACT gross 
weight achieved 2.45 g'» in the 140-knot pull-up. The scoring equation for 
this maneuver is: 

S - [(Nz - 1.5)/1.25] * 100 

In this case the UH-60A gets a score of 76.00 for this maneuver. 

The weighting factors for the four mission elements are: 

ATA - 0.90 
ATC - 0.50 
NOE - 0.05 
CON - 0.55 

As a consequence, the scores for each of these elements is the basic score of 
76.0 times the weighting factor, or: 

ATA   0.76 * 0.90 - 68.40 
ATC - 0.76 * 0.50 - 38.00 
NOE - 0.76 * 0.05 - 3.80 
CON - 0.^6 * 0.55 - 41.80 

After the scores for basic maneuver and the four mission elements are avail- 
able, the ratings can be calculated by taking the sum of the scores for a 
mission element and dividing by the sum of the weighting factors. Foi e^am- 
pla, the AACT UH-60A has a total score of 400.45 for the ATA element, the sum 
of the ATA weighting factors is 5.20. so the ATA M/A ratir.g is (400.45/5.20) 
or 77.01. The same procedure is followed for the basic data and for the other 
mission elements.  Thus, the resulting M/A rating for the AACT UH-6CA are: 

BASIC - 77.54 
ATA - 79.01 
ATC - 77.01 
NOE - 76.36 
CON  - 76 99 

Before proceeding further, it should h* noted rhat the M/A ratings reflect the 
results of rhe simulation maneuvers a»-.v are intended to be estimators of each 
aircraft intrinsic maneuverability and a^ llty characteristics. These ratings 
are the result of nine discrete maneuvers 'lovn with an automatic controller. 
If any one of the aircraft studied were to oe flown through these same maneu- 
vers, the results could be better or worse.  The computer simulation models 
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are good replicas of the helicopters, but not exact. A pilot flying one of 
the maneuvers might not control the aircraft as precisely as the automatic 
controllers in the computer simulation, but he would also not be tightly 
limited by the constraints. The actual flight test results might be slightly 
better or worse thrn these predictions. In addition, the Intrinsic M/A 
characteristics of the helicopter make only a partial contribution to mission 
success. Obviously, pilot training, sensor capability and weapon lethality 
are also very important parts of mission capability. 

The simulation results will be discussed below on an aircraft-by-aircraft 
basis. 

UH-6Qn BLACK HAUK, 

The AACT weight BLACK HAUK (Table 9) had the best overall results, with a 
basic M/A rrting of 77.5 and ratings for the other flight regimes that varied 
from 79.0 for ATA to 76.3 In NOE flight. This helicopter did not necessarily 
have the best results for each maneuver. Rather, its capabilities were 
consistently good for all nine maneuvers. This result can be attributed 
primarily to the light AACT test weight. Uheu the BLACK HAUK was evaluated at 
Its more typical BDCU of 16,825 pounds, the basic M/A rating dropped to 56.9 
with a variation between 55.9 and 61.3 for the various mission elements as 
shown in Table 10. The BLACK HAUK basicclly has both ample power and an 
excellent rotor, so it does well at low, mid, and high speeds. Its M/A ratings 
are very similar for all of the four mission elements. 

S-76A 

Being a civil aircraft, the S-76A ended up with a 35.8 basic M/A rating. This 
helicopter performed best in hover and at low speeds. For example, the ATA 
rating was 34.8 while the NOE rating was 44.9 as shown in Table 11. The S-76 
does fairly well at low speeds since its high power loading is compensated for 
by the relatively low disk loading. At high sp*«ds, however, th? rotor thrust 
capability is inadequate to allow good maneuver results. The rotor was 
optimized for the cruise condition of a civil transport, not for high maneu- 
verability. 

QU1E Swu Stallion 

For this evaluation, the CH-53E was flown at Its BDCV weight of 56,000 pci'ds 
and at 105 percent rotor speed. For this configuration, the Supe" Si* . *on 
had a M/A rating of 57.4. In the contour regime, the score went up a ol.S 
while It dropped to 54.0 in NOE conditions as shown in Table 11. These are 
rtmaikably good ratings for such a large aircraft. However, if flown at 100 
percent rotor speed and higher gross weights, one would expect the scores to 
be significantly reduced. The Super Stallion has both a low power loedlng end 
high solidity. The lerge amount of power compensates tor the high disk 
loading at low speeds while the high solidity provides good thrust margin at 
high speeds. The reasonably good scores achieved by this large helicopter 
Indicate that the 9 maneuvers chosen tend to emphaslre maneuverability rather 
than agility. 
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AH-64A Apache 

The AH-64A (AACT) scores and ratings are shown in Table 13. For the heavy 
AACT weight of 16,222 pounds, the basic M/A rating was 48.9, with the best 
flight condition being NOE where the rating went up to 51.4 and the worst for 
contour flying where the rating dropped slightly to 47.5. When flown at the 
BDGW of 14,770 pounds, the maneuver results, scores and ratings all improved 
considerably. The ratings were very consistent, with a basic value of 65.6 
and an NOE rating of 67.0 while the rating was 64.9 for contour flight. (Table 
14). Like the BLACK HAWK, the Apache features both ample power and an excel- 
lent rotor designed to provide good maneuverability. Thus, the maneuver 
result« are good over low, mid, and high speed regimes. As expected, the 
addition of about 1500 pounds (almost 10 percent of the gross weight) degrades 
the M/A ratings significantly. 

QH-58n Kjova 

The OH-58A (Table 15) was hampered by a maximum design level flight speed 
limit of 120 knots. Thus it could not perform cither the 130-knot decelerat- 
ing turn or the 140-knot pull-up and got a zero score for them. On the other 
hand, it did very well in the hover bob-up. Overall, the M/A rating was 34.9, 
but the variation with mission element was significant. The NOE rating was a 
very good 48.81 while ATG was 37.1. In contour flying, the rating dropped to 
31.9 and it was a lower 28.2 in ATA as might be expected. The Kiowa has a 
very low disk loading and good power loading (with 420-shp) so it does well in 
the low speed regime. Performance at mid-speeds is hampered by low solidity 
and high speeds are beyond its capabilities. Thus, it generates a 20-point 
spread in its M/A ratings. 

TABLE 9.  UH-60A M/A SC0R1NC AND RATINC SUMMARY (AACT) 

UM-60A     GW-14.685 lb» (AACT) 1                   1                   i 
Ret. HP-2S28 1          1          ! 

Maneuvef     JBASIC        [A/A Ä/Q r^E CONTOUR 

Result           Score          Score Score Score Score 

Maneuver i           !            ! 
1. Mover Bob up   Mai ROC (ft/mm) 1 7101 80 67 8 07 46 40 80 67 36 30 
2   Accel Mover to 80 kit: Time (»ec) 8 31 SS 00 85 50 61 75 76 00 61 75 
3  Decel 80 ktt to Kover Time (»ec) 14.71 5500 38.501 30 25 44 00 35 75 
4. 80 M S*e«dy Climb   ROC flt/min) 3682 80 40 75 99* 40.23 31 29 67 05 

5  80 kl Steady Tjrn   Nr (g'l} 2 3 70 00' 49 00 31.50 17 50 49 00 

6   80 kl Deer Turn: Turn Rate (dee>eeg 3J3; 532C 29 26 39 90 34 56 34 58 
7. 130 hi Deed Turn: Turn Rate (deo/tec 10 31 94.17 84 75 47 08 • 42 56 50 

8   140 M Pull-up  Mai N: (a») 245' /6 00 68 40' 38 00 3 80 41 SO 

9   Mover Turn   lime (»ec) 4.2 84 44 46 44 63 33 84 44 25 33 

Total 607 68 485 91 400 45 381 70 408 06 
Avg   Factor I 0 C0i 6 15 5 20 5 00 5 30 
Rating 77 54 79 01 77 01 76 34 76 99 
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TABLL 10.  UH-60A M/A SCORING AND RATING SUMMARY (BDCV) 

UH-60A    GW-16.825 lbs (BDGW) I            ! 
Ret. HP.2828 

Manauvar BASIC A/A A/G NTE canon 
Results Score Score Score öcore Scor« 

Maneuver 

1. Hover Bob-up: Max RCC (h/min) 1327 55.13 5.51 33.08 55.13 2'81 
2. Accel Hover to 00 Ms: Time (sec) 98 70.00 63.00!       45.50 56.00 45.50 
3. Decel 80 kis to Hover: Time (sec) 136 73.33 51.33 40 33 58.67 47.67 

4. 80 kt Steady Climb: ROC (ft/min) 3022 67.40 57 29 30.33 23.59 50.55 
5. 80 kt Steady Turn: Nz (g's) 198 38.00 26.601       17.10 9.50 26.60 
6. 80 kt Decel Turn: Turn Rate (deq/sec) 26.9 27.60 15.18        20.70 17.94 17.94 
7. 130 kt Decel Turn: Turn Rate (deg/sec 15.1 59.17 53.25]       29.58 5.92 35.50 
8. 140 kt Pull-up: Max Nz (g's) 2.05 44.00 39.60        22.00 2.20 24.20 
9. Hover Turn: Time (sec) 45 77.78 42.78!       58.33 77.78 23 33 

Total                   512.411       354.54!     296.96 306.72 290.10 
Avq.  Factor             9.001           6.15:          5.20 5.00 5.30 
Rating                   56 931         57.6i!       57.11 61.34 55.87 

TABLE 11.  S-76A M/A SCORING AND RATING SUMMARY 

S-76A    GW-8.925 lbs " 
R«f. HP-1300 

Maneuver BASIC A/A A/G NCE CONTOUR 

Result Score Score Score Score Score 

Maneuver I                 I 
1. Hover Bob-up: Max ROC (tvmin) 1020 3467 347 20.80 34 67 1560 

2. Accel Hovar to 80 kts: Time (sec) 11.1 48 33 43.50 31 42 3067 31.42 

3. Decal 80 kts to Hover: Time (sec) 15 50.00 35.00 27.50 40.00 32.50 

4. 80 kt Steady Climo: ROC (tvmin) 2584 52 80 44 83 23.76 18 48 39.60 

5  80 kl Steady Turn: Nz (qs) 18 20.00 14 00 9.00 5.00 14 CO 

6 80 kt De^el Turn   Turn Raie (deg/sec) 23 12.00 660 900 7 80 7 80 

7   130 kt Decel Turn: Turn Rat» (deg/sec 10.2 18 33 16.50 9 17 1 83 11.00 

8. 140 kt Pull-up: Max Nz (g's) 1.6 8 00 7.20 4.00 0.40 4.40 

9   Hover Turn: Tim« (iac) 45 77.78 42 78 5833 77.78 2333 

Total 321.91 213 92 192 98 224 62 17965 

Avg   Factor 9 00 6 15 520 5.00 5.30 

Rating 35 77 34 78 37 11 44 92 33 90 
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TABLE 12.  CH-53E M/A SCORING AND RATING SUMMARY 

CH-53E     GW.56,000 lbs | 
Ret. HP-12339 

Maneuver BASIC A/A A/G NI CONTOUR 
Result Sec« Sco'« Score Score Score 

Maneuver 

1. Hover Bob-up: Max ROC (ffmin) 1244 4960 496 29.76 49.60 22 32 
2. Accel Hover to 80 Ms: Tim« (sec) 96 73.33 66.00 47.67 5867 47.67 
3. Decel 80 Ms to Hover: Tim« (sec) 12.6 90.00 63.00 49.50 7200 58.50 
4. 60 M St««dy Climb: ROC (rt/min) 3433 81.10 68 94 36.50 2839 6083 
5. 80 M Steady Turn: Nz (g's) 1.91 31.00 21.70 13.95 7.75 21.70 
6. 80 kt D«c«l Turn: Turn Rat« Jdeg/s«c) 36.5 66.00 36.30 49.50 42.90 42.90 
7. 130 kt Dec«! Turn: Turn Rat« (d«g/s«c 18.3 65 83 77.25 42.92 8.58 51.50 
8. 140 M Pü!l-up: Max Nz (gs) 2 40.00 36.CO 20.00 2.00 22.00 
9. Hov«r Turn: Time (s«c] 88 0 00 0.00 0.00 0.00 0 00 

Total 516.87 374.15 239.79 269.89 327.41 

Avg. Facia- 9.00 6.15 5.20 SCO 5.30 
Rating                   57.43 60.84 55 73 53 98 61 78 

TABLE 13.  AH-6-A M/A SCORING AND RATING SUMMARY (AACT) 

AH-64A     GW-16.222 lb« (AACT) 
Het HP.2784 1                   I                   1 

Maneuver BASIC         .A/A               A/G KOE CONTOUR 

Result Score        !S •ore        IScore Score Score 
Maneuver 1            !             ! 
1   Hover Bob-up: Max ROC (rvrmn) 1 140 42671 4 27! 25 60 42 67 19 20 
2   Accel Hover to 80 kts: Time (sec) 123 28 33 25.50! 18 42 2267 18 42 
3  Decel 80 kts to Hover: Time (sec) 13 7 71.67 50.171 3942 57 33 46 58 
4   60 kt Steady Ciimb' ROC (fl'mm] 2622 54 07' 45 96 24 33 18 92 40 55 

5  80 kt Steady Turn: Nz (fl'lj 1 88 26 00 19 60 12 60 7.00 19 60 
6   80 kt Decel Turn   Turn Raic (deg/sec) 304 41 60 22 88 31 20 27 04 27 04 

7. 130 kt Decel Turn  Turn Rate (deg/sec 15 7 64 17: 57.75! 3208 6 42 38 50 
8. 140 kl Pull-up: Max Nz (g •) 1.95 36.00' 32 40 11.00 1 80 19 80 
8   Hov«r Turn. Tim« (sec) 4 7 73 33' 40 3*» 05 00 73 33 22 00 

Total 439 83 296 85 256 65 257 18 251 69 

Avg   Factor 9 00 6 15 5 20 6.00 530 
Rating 48 87 46 59 49 36 51  44 47 49 
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TABLE 14.  AH-64A M/A SCORING AND RATING SUMMARY (BDGU) 

AH-64A    GW-14,770 lb« (BDGW) 
Ret. HP-2784 

Maneuver BASIC A/A A/G tCE CONTCUR 

Result Score Score Score Score Score 

Maneuver 

1. Hover Bob-up: Max ROC (ft/m»n) 1450 63.33 6.33 38.00 63.33 28.50 

2. Accei Hover to 80 kts: Tim« (sac) 10.3 61.67 55.50 40.08 49.33 40.08 

3. Dacal 80 kts to Hover: Time (sec) 13.4 76 67 53.67 42.17 61.33 49.83 

4. 80 kt Steady Climb: ROC (h/min) 2948 64.93 55.19 29.22 22.73 48.70 

5  80 kt Steady Turn: Nz (g's) 2.08 48.00 33.60 21.60 12.00 33.60 

6. 80 kt Dacal Turn: Tu.n Rata (deg'sec) 35.1 60.40 3322 4530 39.26 39.26 

7. 130 kt Deed Turn: Turn Rate (deo/tec 18 1 84.17 75.75 42 08 842 50.50 

8. 140 kt Pull-up: Max Nz (g"s) 2.2 5600 50.40 2800 2.80 30.80 

9. Hover Turn: Time (sec) 46 7556 41.56 5b 6/ 75 56 2267 

Total 590.72 405.22 343 12 334 76 34394 

Avg. Factor 9.00 6.IS 5 20 5 00 5.30 

Rating 6564 6589 65 98 66.95 64.89 

TABLE 15.  OH-58A M/A SCORING AND RATING SUMMARY 

OH-58A    GW-2.790 lbs I 1 
Ret   HP.420 

Maneuver BASIC A/A A/G NCE CONTOUR 
Result Score Score Score Score Score 

Maneuver 

V Hovef Bob-up: Max ROC (fvrn.n) 1650 76 67 7.«7 46 00 76 67 34 50 
2  Accel Hover to BO kts   Tim« (sac) 11 5 41 67 37 50 27 08 33 33 27 06 
3. Dacal 80 kts to Hover: Ttme (sac) 16 3333 2333 18 33 26 67 21 67 
4  80 kt Steady Climb   ROC (ft/mm) 2195 30.33 33 36 17 93 13 94 29 88 
5  80 kt Steady Tutn   Nz (g s) 1 87 27 CO If 90 12 15 6 75 18 90 
6   80 kt Decel Turn  Turn Rate (beo/sec) 26 24 00 13 20 18 00 1560 1560 
7   130 kt Dace« Turn  Turn Rate (dag/sec 0 000 0.00 0 00 0 00 000 
8   140 kt Pull-up• Max Nz Ifls) o 000 0 00 0 00 0 00 000 
9   Hovef Turn   Tim# (sec) 4 8 71 11 39 11 53 33 71 11 21 33 

Totel 31381 173 57 192 83 244 07 168 96 
Avg   Factor 900 815 5 20 5 00 6 30 
Rating 34 as 28 22 37 08 46 81 31 68 
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AH-IS Cobra 

The AH-1S performance was average, hampered by a high power loading. The 
results, as shown in Table 16, are reasonably consistent for the various 
flight conditions. NOE is best with a rating of 44.6 while contour is worst 
at 40.9. A basic rating of 42.4 was achieved. In the low speed regime, the 
Cobra's low disk loading was compromised by its high power loading so the 
maneuver results were lackluster. At high speeds, willow solidity and 
somewhat high blade-loading reduce its ability to do well in the Maneuvers. 

SA-365N Daupuln 

The Dauphin, designed as a civil aircraft, did not receive very good scores in 
comparison to the other aircraft in the study. Its overall H/A rating was 
36.5, although the NOE rating was 47.5 as shown in Table 17. The lowest 
score, 35.2, was obtained for contour flying. However, in AACT IV the SA-365N 
did very well by making use of its large sideslip envelope. This allowed it 
to make very quick mid-speed pedal turns. None of the nine maneuvers of this 
study evaluated that capability. This suggests thac a large sideslip turn 
should be added to the maneuver list. Overall, the Dauphin was much like tne 
S-76. As a civil aircraft, it is optimized for the h;gh-speed cruise condi- 
tion. As a consequence, it has both high -Jisk loading and high blade loading 
while its power loading is only average. The unique attribute of the Fene- 
stron to allow high sideslip angles at high speed should be noted, however, 

HI-29 HAVQC 

The baseline HAVOC (Table 18) was flown at a gross weight of 22,894 pounds. 
This weight was provided by Soviet delegates at the 1Q89 Paris Air Show and 
validated using existing Sikorsky parametric methods as noted in Appendix K. 
The rotor tip speed, also provided by the Soviets, is a typically modern 715 
feet per second. Yaw inertia was estimated using the methodology outlined in 
Appendix C. The HAVOC was a solid mid-pack aircraft with an overall H/A 
rating of 52.3. The NOE rating was higher at 62.8 while the ATA rating was 
only 50.7, 

Parametrically, increasing oower improved the ratings as shown in Tables 19 
and 20. Increases of 400 and 900 shp were evaluated for the hover bob-up, 
acceleration from hover to 80 knots, the 80-knot steady climb and 80-knot 
steady turn. The 900 shp Increase resulted in an improvement in basic H/A 
rating from 52.3 to 59.2. The NOE H/A rating improved by almost eJfht ^oints 
to 70.1 while the ATA value improved by six points to 56.2. The inter ••*5ate 
case of a <«00 shp increase resulted in ratings between the baseline and the 
900 shp case. The hover bob-up showed a fairly linear variation with 
increased power, as die the 80-knot climb. However, the 80-knot turn showed 
clear evidence of rotor stall, so the increased power wr.s not usable. 
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Reter z?zcd  increase to 105 percent (Table 21) was •valijuted in the 80- and 130- 
knot decelerating turns and the 140-knot pull-up. As might be expected, this 
improved the ATA score by 6.4 points. The ATG score showed less improvement, 
5.4 points, while the NOE and contour scores increased by 2.2 and 5.5 points, 
respectively. 

Varying yaw inertia by plus and minus 10 percent changed the hover turn scores 
significantly. The increased inertia case (Table 22) took 0.23 second longer 
to • t the 180-degree turn and decreased the hover score from 66.7 points to 
61. For a decrease in yaw Inertia, the maneuver score Improved to 72.2 
points as a result of a .25 second Improvement in the time to turn (Table 23). 
However, since the M/A rating is the average of all nine maneuvers, these 
significant changes in the hover turn score only change the M/A rating 
slightly. The increase inertia case reduces ch« basic rating by 0.6 point 
and the decreased yaw inertia case only increases It by Che same amount. 

The baseline HAVOC at 22,894 pounds is average in its disk loading, blade 
loading and power loading.  As a consequence it tends to get good scores over 
the whole speed range, but not high ones.  The only exception was the decelera- 
tion from 80 knots to hover where its high drag and relatively high disk 
loading gave it a score of 115. 

After the parametric study was completed, Sikorsky pilots reviewed a copy of 
the daca. They noted that the weight of 22,984 pounds represented a high 
weight, air-to-ground configuration for the HAVOC and that it could fly an 
air-to-air mission at a much lighter weight. A weight analysis, discussed in 
Appendix K, indicated that an air-to-air configuration would have a gross 
weight of around 20,000 pounds. Time was not available Co run a full set of 
CenHel maneuvers at this lighter weight, but a empirically based estimate of 
M/A ratings was made and is presented in Appendix L. 

Concluding observations, 

Overall, the first observation to emerge from these results is chaC «ach 
aircraft possesses its own "signature" of characteristics. Secondly, the use 
of simple parameters like disk loading or blade loading can give insight Co 
the maneuver results, but not predict them. The modern Army helicopters 
(UH-60A, AH-64A) designed with ample power to provide altitude capability and 
with good maneuverability do very well in this study, as expected. The civil 
alrcral: 'S-76A. SA-365N) do very poorly as they were optimized for high speed 
cruise and not for maneuverability. The :>lder generation of Army helicopters 
(OH-58A. Atf-lS) tended to fall between the first two. The CH-53E does surpris- 
ingly well but It was flown at a aoderata weight and at 105 percent rotor 
speed. The fact that the Super Stallion does well Is an indication that the 9 
selected maneuvers emphasize maneuverability over agility. The Mi-28 at 
22.984 pounds Is only a fair pet former. In all cases, a significant reduction 
in gross weight leads to significant improvement in the M/A a»ores. 
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TABLE 16. AH-IS M/A SCORING AND RATING SUMMARY 

AH-1S     GW-9,620 tbi I 
Ref. HP-1290 

Maneuver BASIC A/A A/G rCE CONTOUR 
Result iScore Score Score Score Score 

Maneuver i 

1. Hover Bob-up: Max ROC (ft/mm) 776 18.40 1.84 11.04 18 40 8.28 
2. Accel Hover to 80 Us: Time (sec) 12 33.33 30.00 21.67 26.67 21.67 
3. Dectl 80 kit to Hover: Time (?ec) 13.5 75.00 52.50 41.25 60.00 48.75 
4. 8C kt Steady Climb: ROC (ft/mm) 2127 37.57 31.93 16.91 13.15 28.18 
5  80 kt Steady Turn: Uz (g's) 1.89 29.00 20.30 13.05 7.25 20.30 
6. 80 kt Decel Turn: Turn Rate (deg/sec) 27 28.00 15.40 21.00 18 20 18.20 
7. 130 kt Cecel Turn: Turn Rate (degvtec 12.15 34.58 3113 17.29 346 20.75 
8. 140 kt Pull-up: Max Uz (g't) 2 15 52.00 46.80 26.00 2 60 2860 
0  Hover Turn: Time (sec) 4.7 7333 40 33 55.00 73.33 22.00 

Totai 381 22 270.23 223.20 223.06 216.72 
Avg   Factor 900 615 5.20 5.00 5 30 
Rarmg 42.36 43 94 42 9? 44 61 40 89 

TABLE 17.  SA-365N M/A SCORING AND RATING SUMMARY 

SA-365N-1      GW-8.750 lbs 1 
Ret   HP-1372 

Maneuver BASIC A/A            [A/0 HJE CONTOUR 

Result Score Score        IScore Score Score 

Maneuver 
1   Hov»f Bob up   Max ROC (ft/m-n) 849 23 27 2 33 13 96 23 27 10 47 

2   Accal Hover to 80 kt«: Time (sec) 112 46 67 42 00 30 33 37 33 30 33 

3   Dectl 80 kts to Hover  Time (tec) 12 7 88 33 61 83 48 58 70 67 57 42 

4   80 M Steady Cl.mb   ROC (tvmm) 2432 47 7J 40.571 21 48 16 71 35 80 

5   80 hi Steady Turn: Uz (g's) 171 11 00 7 70 4 95 275 7 70 

6. 80 Kt Decel Turn   Turn Rate (deg sec] 2)5 14 00 7 70 10 50 9 10 9 10 

7. 130 M Decel Turn. Turn Rate (deg sec U.6 21 67 19 SO 10 83 2 17 13 00 

8. 140 *i Pull-up   Mai Uz (g's) 15 0 00 0.00 0 00 0 00 0 00 

9   Hover Turn  Time (sec) 4 6 75 56 41 56 56 67 75 56 22 67 

ITotai 328 22 223 19 197 31 237 55 186 49 

Avg   f»c\Qt 9 00 6 15 5 20 b 00 I           5 30 
Rat.ng 36 47 36 29 37 94 |      47.51 35 19 
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TABLE 18. Mi-28 M/A SCORING AND RATING SUMMARY (BASELINE) 

Ml-28     GW.22.984 lbs (B? .«lint) 1                  1                 1 
Re». HP. 4400 

Maneuver BASIC A/A A/G ICE CONTOUR 

Result Score Score Score Score Score 
Maneuver | 

1. Hover Bob-up: Max ROC (ft/mm) 1400 60.00 6.00 36.00 60.00 27.00 
2. Accel Hover to 80 kts: 1 me (sec) 10.5 58.33 52.50 37.92 46.67 37.92 

3. Decel 80 Kts to Hover: T.me (sec) 11.05 115.83 81.08 63.71 92.67 75.29 

4. 80 kt Steady Climb: ROC (ft/min) 2467 48.90 41.57 22 01 17.1? 36.63 

5. 80 kt Steady Turn: Nz (g's) 1.83 23.00 16.10 10.35 5.75 16 10 

6. 80 kt Decel Turn: Turn Rate (defl/tec) 27.3 29.20 16.06 2190 18.98 18.98 

7. 130 kt Decel Turn: Turn Rate (deg/sec 14.31 52.58 47.33 26.29 5.26 31.55 

8. 140 kt Pull-up: Max Nz (g's) 1,7 16.00 1440 8.00 0.80 8.80 

9. Hover Turn: Time (sec) 5 66.67 3667 50.00 66.67 20.00 

Total 470.52 31170 276.17 31390 272 31 

Avg. Factor 9.00 6 15 520 5.00 5 30 

Ratino 52.28 50.68 53.11 62.78 51.38 

TABLE 19.  Mi-28 M/A SCORING AND RATING SUMMARY (400 «hp increu«) 

Ml-28     GW.22.984 lbs (*4J0 tnp ) 
Ret. HPm 4800 : 

Maneuver BASIC        lA/A A/G *CE COrVTOJR 

Result Score        jScore Score Score Score 
Maneuver 
1   Hover Bob-up: Max ROC (ft/min) 15881         72.53!           7 25;        43 52 72 S3 32 64 

2. Accel Hover to 80 kts   Time (sec) 1023!         62.83*         56.55'        40 84 50.27 4084 

3. Decel 80 kts to Hover   Time (sec) 1105;      115.83!         •1-0f!       63 71 9267 75 29 
4   60 kt Steady Climb: ROC (ft/mm) 2884          62.80!         53 38;        28 26 21 98 47.10 
5. 80 kt Steady Turn: Nx (g's) 1.87          27 00 1B80         12 15 6 75 18.90 

6   80 kt Decel Turn   Turn Rate (deg/*©c) 27 3'         29 20          16 06         2190 18 08 18 98 
7   130 kt Decel Turn: Turn Rate (d g-sec 14.31          52 58          47.33J        26 29 5 26 31 55 
8   140 M Pull-up: Max hi (g's) 1.7          16 00          14 40!          8 00 0 80 8 80 

9  Hover Turn: Time (sec) 5          66 67          36.67t       50 00 66 67 20.00 
Toiel                   505 45       331.62*     294 67 335 90 294 10 

Avg    Factor I            S 00             6 15            5 20 5 CO 5 30 
Ret.ng                    56 16          53 92'        56 67 67 l| 55 49 
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TABLE 20. Mi-28 M/A SCORING AND RATING SUMMARY (900 ahp Increase) 

Ml-28     GW.22.984 >bt O900 »V. 
Ref. HP- 5300 

Man«uv«r BASIC A/A A/G NCE CONTOUR 
Result Scor« Scor« Scor« Scor« Scor« 

Man«uv«r !                     I 
1   Hov*r Bob-up: Max ROC (fvmin) 1753 83.53 8.35 50.12 83.53 37.59 

2. Acc»i Hovtr to 80 kl«: 'mm (s«c) 10.5 58.33 52.50 37.92 4667 37.92 

3  D«c«l 80 ktt lo Hov«r: Tim« (s«c) 11.05 115.83 81.08 63 71 92.67 75 29 
4. 80 Id St«ady Climb: ROC (tt/mm) 3417 80.57 68.48 36.26 28.20 6043 

5  80 kt St«ady Turn: Nz (g't) 1.9 "»J.00 21.00 13.50 7.50 21.00 

6. 80 kt D«c«l Turn. Turn Rat« (dtQ'fte) 27.3 29.20 16.06 21.90 18.98 1898 

7. 130 kt D«c«i Turn: Turn Rat« (d«g/s«c 14.31 52 58 4/33 26.29 5.26 31 55 

8. 140 kt PuH-up   Max Nz (g't) 17 16.00 14.40 8 00 080 880 

9. Hov«r Turn: Tim« ($«c) 5 66 67 36.67 50 00 66 67 2000 

Total 532 72 345.87 307 69 350.27 311.55 

Avg. Fador 9.00 6.15 5.20 5.00 5.30 

Rating 59 19 56.24 59 1/ 70 05 58 78 

TABLE 21. Ml-28 M/A SCORING AND RATING SUMMARY (I0SX Nr) 

Ml-28     GW-22.984 lb« Nr.105% I                     i                     ' 
R«f   hPm 4400 { 

Man«uv«r BASIC        IA A A/G K£ CONTOUR 
R«tuU Scor«         I Scor« Scor« Scor« Scor« 

Manvuv-.-f | 

1    Mcv«f 9ob-up   Mai ROC (ft'mm) 1400' 60 00 6 00 36 00 60 00 27.00 
2   Acc«i Mover to 80 kt«   Tim« j»«c] 10 5 58 33 52.50 37 92 46 67 37 92 
3   Decei 80 kit to Mover Tim« (»ec[ 11 05 11583 81 08 63 71 92 67 75 29 
4   80 kt Steady Chmb  ROC (It'mm) 24Ö7' 48 90 4157; 22 01 17 12 36 68 
5  80 m Steady Turn   Nj ig *) 183' 23 00 16 10 10 35 5 75 16 10 
6   80 kt 0«c«l Turn   Turn Rat« (deg/»ec) 30 6 42 40 23 32 31 80 27 55 27 56 
/   130 kt 0«c^ Turn   Turn Ratt ideg.»ec 16 S 70 83 63.75 35 42 7 08 42 50 
8   140 k: Pull-up  Mai Hz (g't) 1 92 3360 30 24 16 80 1 68 18 48 
9   Move* Turn; Tim« '»»el S 66 67 36 67 50 00 66 67 20 00 

Total 519 57 351.23 304 00 325 19 301 52 
Avg   Faoor: 9 00 6 15 5 20 5 00 5 30 
Rat.ng 57 73 57 11 58 46 65 C4 56 89 
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TABLE 22. Hi-28 M/A SCORING AND RATING SUMMARY (+101 Izz) 

MI-28 GW-22.984 lb  (12.74707  tlUQ-ft*2) 
Rat. HP- 4400 

Mana'jvar 3ASIC A/A A/Q rCE CONTUJR 

Rasult Scora Scora Scora Scora Scora 
Mantuvar 

1. Hovtf Bob-up: Max ROC (ft/min) 1400 60.00 6.00 36.00 60.00 27.00 
2. Ace«) Howar to 80 kt»: Tima (»ac) 10.5 58.33 52.50 37.92 46.67 37.02 

3. Dacai 80 kts to Hover: Tima (sac) 11.05 115.83 81.08 63.71 92.67 75.20 

4. 10 kl Staady Climb. ROC (tt/min) 2467 48.00 41.57 22.01 17.12 36.68 
5. 80 kt StaacJy Turn: N* (g't) 1 83 23 00 16.10 10.35 575 16.10 

6. 80 kt Dacil Turn: Turn Rata (dag/«ac) 27.3 29 20 16.06 21.00 18.08 18.08 
7. 130 kt Dacai Turn: Turn Rata (dag/sac 14.31 52.58 47.33 26 20 526 31.55 

8. 140 kt Pull-up. Mai Hz (g1«) 1.7 16.00 14.40 8.00 0.80 8.80 

9. Hovar Turn: Tima [**c] 5 23 61.56 33.86 46 17 61 56 18 47 

Total 465.41 308.89 272 34 308.70 270 78 
Avg. Factor 0 00 615 5.20 5.00 530 
R »ting 01.71 5023 5237 61 76 51.00 

TABLE 23.  Mi-28 M/A SCORING AND RATING SUMMARY (-101 Izz) 

Mi-28  GW.22.984  lb  (12-61124 UuQ-fl'2) 
 1 

Ref   HP- 4400 
Manauvar BASIC A/A A/G tCE CONTOUR 

RaauH Scora Scora Scora Scora Scora 

Manauvar !                     !                     1 
1   Hovar Bob-up: Mai ROC (fi/mm) 1400 60 00 6 00 36 00 80 00 27 00 

2  Acca* Hovar to 60 kt«: Tima (aac) 10.51 58.33 52 53 37 92 4667 37 92 

3  Dacai 80 kt« to Hovar: Tima (»ac) 11 .OS 11563 61 06 6371 92 67 7529 

4   60 kt Staady Cl.mb   ROC (fl/mm) 2^67' 46 00 41 57 22 01 17 12 36 66 

5   10 *t Staady Turn   Ni igt) 1 93, 23 00 16 10 10 35 5 75 16 10 

6   80 kt Dacai "> am   Turn Rata (dag/aac) 27 3 20 20 16 06 21 90 16 96 16 96 

7   130 kt Dacai Turn   Turn Rata (öao/tac 14 31 52 58 4733 26 29 5 26 31 55 

6   140 kt Pull-up  Max Nx (ga) 17 16 00 14 40 6 00 0 60 6 80 

0   Hovar Turn   Tuna laac] «.?* 72 22 30 72 54 IV 72 22 21 67 

Total 476 07 314 76 280 34 319 46 273 96 

Avg   Factor! 9 00 6 15 5 2C 5 00 5 30 

Rating 52 00 51 16 53 9 t 63 6V 51 69 
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SCQBIBfi PF AACT fflgffllELS 

In order to correlate the results of the simulated maneuvers to the AACT data, 
a method for scoring the AACT engagements was required.  The methodology 
adopted consisted of the following: 

1) Use the data of Table 6 to select those engagements where a firing 
opportunity occurred. 

2) Review these engagements to determine if the firing opportunities were 
valid. As discussed below, there were many engagements where the mathe- 
matical criteria for a firing opportunity were achieved but the encounter 
was not really valid. 

3) Assign points to each valid firing opportunity based on range, angular 
error and time in the firing window. 

A) Calculate a final score by summing of all points achieved by each air- 
craft during a test. 

Selection, cf valid firing Qiggi&Mnl&ln 

A careful review of the engcgtment descriptions provided in Appendix J snows 
that many of the mathematical firing opportunities were not really valid. For 
example, many engagements were initialized with the two helicopters approach- 
ing one another on parallel, but offset, courses. Frequently, this would 
result in one or even both of the aircraft sueting the firing window criteria 
(range less than 1500 meters, angular error less than ± 3 degree*) before the 
actual engagement began. This, for example, is th« r.ase in counters 208019, 
208025. 3C2019 and 417008 of Table 6. Other non-valid cases include 208026 
where the S-76 never maneuvered after passing the UH-60A and the BLACK HAUK 
turned and achieved an easy firing window, and J02018 where the engagement had 
the AH-IS in a hover and the Apache simply approached while the Cobra remained 
stationary. All of these types of scenarios were deleted from the AACT 
scoring database. Of the 59 mathematical firing windows shown in Table 6, 27 
were Judged valid Vlth these limited firing oppoxtunities available for 
analysis, ehe databasa was searched \.o find engagements where valid firing 
opportunities occurred with a five degree window. Only four such cases were 
found. Another concern was that all of the mathematical firing windows were 
very short, typically a few tenths of a secono. Pilot comments indicated a 
feeling that the windows were much longer. However, since there were no 
gunfights in these aircraft, a pilot may have been in an excellent firing 
position and had the capability of staying in the window, but the target may 
have been In the mathematical window for only a short time. Future AACT activ- 
ities should Include gunsights and weapon emulators so the pilots can pre- 
cisely position themselves and get feedback on their maneuvering, as was done 
in AACT IV. 
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It should be noted at this point that the data originally supplied by the 
Government for the AH-64A versus SA-365N vere for engageatnts where the Apache 
was siaulatlng use of a turreted gun (countera 417001 to 417012). These data 
were analyzed before the mistake was discovered. The correct data for fixed 
gun engageaents (counter« 411009 to 411023) were subsequently provided by the 
Government end alsc analyzed. The resulting analyses for both data sets will 
be provi led herein for completeness, but only the fixed-gun data were used in 
the cor/elation effort. 

The final result was 31 valid mathematical firing opportunities distributed as 
follows: 

M£L_II 

S-76A vs OH-58A 
6 cases 

UH-60A vs OH-58A 
9 cases 

UH-60A vs S-76A 
4 cases • 3 cases for a b-degree window 

AACT III 

AH-1S vs OH-58A 
1 case • 1 case for a 5-degree window 

AACT IV 

SA 365N vs AH-64A (fixed gun) 
4 cases 

SA 365N vs AH-64A (turreted gun) 
3 cases 
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Hcthgd gf Assigning Ealnti 

Points were «warded to the attack aircraft in each valid firing opportunity. 
The method for assigning points is shown in Figure 51. The three major 
factors in the calculation are minimum range, minimum angular error and time 
in the firing window. It is clear that a large angular error at long ranges 
is much worse than the same error at short ranges. To assign points, the 
"dispersion" of the boresight was calculated by taking the range times the 
angular error in radians. A dispersion coefficient was calculated as one 
minus the logarithm of the dispersion divided by 8.73. This scaling factor 
was set to give a value of one for a range of 500 meters and an angular error 
of one degree. A time coefficient was defined AS the time in the firing 
window divided by two. The point allocation is the dispersion coefficient 
times the time coefficient times 100. Thus, a firing window for two seconds 
at a range of 500 meters with an angular error of one degree would achieve 100 
points. Shorter range, smaller angular error or longer time in the window 
would increase the points and visa-versa. A points chart Is shown In Figure 
52. 

The aircraft score for each test was the total of its points for all of the 
valid firing opportunities. 

AACT Scores 

The AACT scores are summarized in Tables 24 to 29. Each table is for one 
helicopter pair and lists the counter numbers, attack aircraft, victim air- 
craft, time in firing window, minimum range and minimus angle in firing window 
and points achieved by the attacking helicopter. It should be noted that the 
initial conditions for the encounters could have an impact on the scoring. 
Most of the engagements were "neutral", with the aircraft flying towards one 
another on parallel, offset courses. However, in some cases, one helicopter 
or the other was given an "advantage" position, with the encounter initialized 
with aircraft on the tall of the other or one aircraft in hover while the 
other attacked. A table showing the initial conditions for each encounter is 
provided In Appendix J, as are detailed discussions of each encounter. 

Some aircraft pairs had many "valid" encounters, some had few. No effort was 
made to normalize the scores amongst all of the pairs. However, in the 
correlation effort discussed below the scores of each aircraft in a pair were 
normalized by the total of bcth aircraft scores. 

The results of the AACT analysis are reviewed below: 

S-7vA v» OH-HA (TaW« 24) 

A very uneven match. The Klowa had one good window, getting 29.7 points, but 
the S-76 had five, including a long well-aimed one that netted 221.9 points. 
Final score was 330 for the S-76A and 29.7 for the OH-58A. Notable are the 
close ranges and generally short times of the firing opportunities. 
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EQUATIONS 

Disp«rsi»m: D - Rang« (•)* Angl« (d«g)/57.3 

Dispersion Coefficients: Dc - 1.0 - Log (D/8.73) 

Tins Co«ffici«nt: Tc - TU« (s«cs)/2 

Scor« (points) S - Dc * Tc * 100 

mm* 
Range - R70 meter» 

Angle - 1.73  degree» 

Tin«    - 0.5  ssrond« 

D - 870 * 1.73/5.73 - >1.267 

Dc        - 1.0 - Log (26.267/8.73) - 0.5216 

Tc        - 0.5/2 - 0.25 

S - 0.5216 * 0.25 * 100 - 13.04 point« 

Figur«  51.     AACT Scoring lUitbodologj 
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Figur« 52.  AACT Points Chart 
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TABLE 24. AACT SCORING SUMMARY 

(S-76A versus OH-S8A) 

Attack Vlctisi Tine Range Angle Score 
Counter Aircraft Aircraft (Sees) (a) (Degs) (Points) 

23020 S-76A OH-58A 0.8 69 1.70 65.2 

23020 OH-58A S-76A 0.4 147 1.11 29.7 

23021 . 76A 0H-58A 0.6 357 2.21 24.1 

23021 S-76A OH-58A 0.1 200 2.45 5.1 

23032 S-76A OH-58A 0.2 36 2.47 13.7 

23038 S-76A OH-58A 1.8 34C 0.20 221.9 

OH-5CA TOTAL POINTS 29.7  $-7$A. TOTAL POINTS 33Q 
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VH-SQA vg QH-5?A (Table 25) 

Another very uneven match. Of nine windows, the Kiowa only got one. The 
UH-60A final «core of 265.4 represents consistent wins over the 30.6 of the 
0H-58A. There was one engagement with a range of only 60 meters. The OH-58A 
firing window was 1.8 seconds long but at & long range (1139 meters) so the 
points count was small. 

UH-60A TS S-76A (Table 26) 

In this case, the BLACK HAWK completely dominated the S-76A. There were four 
original firing windows plus three more that were just outside the criteria. 
The UH-60A was the attacker in five of these, getting 121 total points. The 
S-76A only managed to get 6.3 points. One of its windows was at very long 
range (1508 meters), the other had a large angular error (5 degrees). Note 
that if the three additional data sets had not been added, the S-76 score 
would have been zero. 

AJ.-1S vs OH-58A (Table 27) 

Only one regular firing opportunity was achieved by this pair. Another case 
with a 5.2-degree angular error was added. Both involved the Cobra as the 
attacking helicopter. The AH-1S received 17.8 points and the OH-58A received 
none. 

SA-36CN vs AH-64A (AH-64A fixed gun) (Table 28) 

This vair had four valid encounters, three won by the Dauphin, giving it a 
score of 68.7 points while the single Apache firing opportunity netted it 34.3 
points. However, the Apache points happened in an engagement where the 
SA-365N also scored points. In fact, the aircraft turned in~o each other and 
the Dauphin got a 0.5 second window at 334 meters two seconds before the 
Apache got a 0.4 second window at 194 meters. Both were counted for this 
study, but It could be argued that since the Dauphin "shot" first, the AH-64A 
firing opportunity should not be considered valid. 

SA-365N vs AH-64A (AH-64A turreted gun) (Table 29) 

Data for these cases should not really be considered since they were analyzed 
as fixed-gun engagements but were flown with the Apache in a turreted-gun 
configuration.  Three firing windows were achieved, two by the AH-64A and one 
by the SA-T65N.  However, one Apache case was at long range and the other had 
a large angular error so the Dauphin got more points, a score of 30.6, com- 
pared to the AH-64A with 1<*. 1 points. 
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TABLE 25. AACT SCORING SUMMARY 

(UH-60A versus OH-58A) 

Attack Victüi TiM Range               Angle Score 
Counter Aircraft Aircraft (Sees) tu)                 (Degs) (Points) 

27026 UH-60A 0H-58A 0.5 115                0.67 45.3 

27026 UH-60A OH-58A 0.4 139                2.14 24.5 

27027 0H-58A UH-60A 1.8 1139                2.01 30.6 

27027 UH-60A OH-58A 0.2 100                2.24 13.5 

27027 UH-60A 0H-58A 0.4 107                1.10 32.6 

27034 UH-60A OH-58A 2.9 589                1.91 94.0 

27036 UH-60A OH-58A 0.2 60                 0.54 21.9 

27037 UH-60A OH-58A 0.3 128                 3.18 16.3 

26038 UH-60A OH-58A 0.3 160                2.20 17.3 

VH-WA TQTAL. POINTS 2«,* QH-53A TOTAL POINTS 3Q.f 
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TABLE 26.  AACT SCORING SUMMARY 

(ITH-60A versus S-76A) 

Attack Victia TlM Range Angle Score 
Counter Aircraft Aircraft (Sees) (•) (Degs) (Points) 

208027 UH-COA S-76A 0.8 1242 0.89 26.2 

208027 ÜH-60A S-76A 0.1 139 3.44 8.35 

208019 UH-60A S-76A 0.4 1467 1.70 6.0 

208028 UH-60A S-76A 0.7 89 3.4 42.6 

208020* S-76A UH-60A 0.9 1508 2.70 4.0 

208028* UH-60A S-76A 0.7 80 4.20 41.1 

208028* S-76A UH-60A 0.5 810 5.0 2.3 

*Did not meet firing window criteria. bv.«t close to boundaries 

VH-6QA. TOTAL POINTS 121.9 S-76A TOTAL POINTS  6.3 

TABLE 27.  AACT SCORINC SUMMARY 

(AH-1S versus OH-58A) 

Counter 
Attack 

Aircraft 
Victl« 

Aircraft 
TLM 

(Sees) 
Range 
(•) 

Angle 
(D*g«> 

Score 
(Points) 

202013*    AH-1S      0H-58A      0.4 377      5.2 

302013     AH-1S      0H-58A      0.2 191      2.8 

•Did not meet firing window criteria, but close to boundaries 

8 1 

9.'' 

AH-IS TOTAL POINTS  17.8 PH-5gA. TQTA1 TOUTS    Q 
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TABLE 28. AACT SCORING SUMMARY 

(AH-64A (fixed gun) versus SA-365H) 

Attack     Victim     Tis* 
Count«-r    Aircraft   Aircraft   (Sees) 

Range 
(•) 

Angle 
(Degs) 

Score 
(Points) 

59 1.21 18.5 

194 0.5 34.3 

339 0.67 33.6 

287 1.34 16.7 

411011 

411013 

411013 

411023 

SA-365N 

AH-64A 

SA-365N 

SA-365N 

AH-64A 

SA-365N 

AH-64A 

AH-64A 

0.2 

0.4 

0.5 

0.3 

AÜ-64A TQTAL POINTS  3Q  SA-365N TOTAL POINTS  68.8 

TABLE 29.  AACT SCORING SUMMARY 

(AH-64A (turreted gun) versus SA-365N) 

Attack Victia Tis* Range Angle Score 

Counter Aircraft Aircraft (Sees) (•) (DeS«) (Points) 

417003 AH-64A SA-365N 0.3 304 3.7 9.7 

417003 SA-365N AH-65A 0.6 251 1.9 30.6 

417003 AH-64A SA-365N 0.4 1162 2.6 4.4 

NOTE: Firing windows based on assumption of a fixed gun. however, tests flowr 
slaulatlng turreted gun on the AK-64A. 

AN-6AA TOTAL .DINTS  14.1 SA"3»N TOTAL TQIVTZ    3Q.fi 
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CORRELATION QF M/A ANALYSIS TO AACX PAIA 

DISCUSSION OF CORRELATION METHOD 

The objective of this part of th« study is to compare results achieved by each 
helicopter in the AACT tests with the analytically derived M/A ratings. This 
is done in two ways. First, the AACT derived scoring is compared directly 
with the derived M/A ratings. Where the two ratings are vastly different 
explanations are offered. Secondly, the AACT test results are rationalized 
based on a comparison of each aircraft's level of the fundamental design 

parameter. 

The methodology used here is to compare the predicted ratio of successful 
engagements to the actual. These successful engagement ratios are est aated 

as follows: 

1. For the predicted ATA performance, the M/A ratings of the two combating 
helicopters are simply added and the success of each is taken as its per- 
centage of the total. For example, in the case of Che UH-60A vs the S-76 
(AACT II) the M/A rating of each is 

UH-60A 
S-76A 

79.0 
34,8 

113.8 

This methodology implies that the UH-60A would be expected to win 79 out 
of 113.8 encounters or 69.41. The S-76A would be expected to win 34.8 
out of 113.8 or 30.6X. 

2. Similarly for the AACT tests, the total score of each of the two combat- 
ing helicopters is added to establish a total potential score and the 
percentage of points each achieved of that total is the percentage of 
winning engagement expected. For example, as was noted previously in the 
S-76A vs the 0H-58A combat, the S-76A received 330 points whereas the 
OH-58A received 89.7. Therefore, based on these results, the S-76A was 
successful 330 times out of 330 + 89.7 encounters or 78. 6Z of the tinre, 
and conversely the 0H-58A was successful 21.4X of th* encounters. 

The actual winning engagement ratios are compared to the predicted wining 
engagement ratios to form the basis of the correlation. These ratios from 
both the M/A ratings and the AACT scores are presented graphically in Figures 
53 to 57. 

However, while the M/A rating is based on a direct comparison of each heli- 
copter's physical capability, the AACT tests included other factors which may 
have influenced the results. For example, pilot proficiency or piloting 
choices of maneuvers may have had some effect on the firing window opportun- 
ities Cockpit visibility differences between combating helicopters could 
also have been a factor. Specific aircraft maneuvering limits which are 
peculiar to »ach design, such as attitude rate limit which do not enter into 
the M/A ratings, could also have influenced the outcome. The engagement 
initial conditions, the number of engagements analyzed with either neutral, 
advantaged or disadvuntaged set-ups. and the  "fights  on"  positions could 
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Influence the results. Finally, the requirements for safety and boundaries of 
the combat airspace may also have influenced the piloting techniques used. 
These factors are noted here as a reminder that the AACT test results contain 
more than Just the maneuverability difference between each helicopter. 

RESULTS OF THE CORRELATION 

The following paragraphs detail the individual AACT test results and correlate 
those results with the M/A air-to-air (ATA) ratings. 

AACT II 

There were three combinations of combating pairs during AACT II testing. The 
UH-60A vs the OH-58A, the S-76A vs the UH-60A. and the S-76A vs the OH-58A. 

S-76A vs OH-58A (Figure 53): The M/A ratings of these aircraft were similar, 
with the S-76A having a slightly better rating, yielding a ratio of M/A ATA 
ratings of 55 to 45 as shown in Table 30. This similarity results because 
both aircraft (see Table 2) have similar power and blade loadings and achieve 
similar climb and load factor performance. 

The AACT firing window scoring for these aircraft was quite different, how- 
ever. Of the six valid firing opportunities, the S-76A got five and the 
OH-58A got one, which resulted in a score of 330 for the S-76A and 29.7 for 
the OH-58A. The lopsided scoring was dominated by one very long well-aimed 
engagement of the S-76A on the OH-58A which alone netted 221.9 points. 

The correlation between the M/A predictions and the actual AACT tests is shown 
in Table 30. There are two possible explanations for such poor correlation of 
the results. First, the S-76A pilot flew more aggressively than the OH-58A 
pilot, despite similar performance, as evidenced by the summary performance 
usage charts shown in Reference 5. Secondly, the S-76A has significantly more 
maneuverability which is not adequately factored Into the M/A ratings. For 
example, the S-76A can fly to zero 'g' and below whereas the OH-58A with its 
teetering rotor 1« limited to + .5g. Thirdly, the ability to outclimb an 
opponent was determined to be a big factor in achieving winning engagements, 
or moreover to defeat the adversary's ability to attain a firing opportunity, 
and even the small advantage enjoyed by the S-76A may have been the 
determining factor for the consistent wins. 

UH-6QA vs 0H-5SA (FUurc 54); The M/A rating of the UH-6ÖA is very afferent 
from that of the OH-58A - 79 for the BUCK HAWK and 28 for the OH-58A. This 
is due to several factors. The UH-60A has superior power loading which 
resulted in better climb and acceleration performance. It also had lower 
blade loading so it has a higher N capability which results in superior mid 
to high speed turn rate. 

The AACT scoring for the two aircraft was also quite different - the UH-60A 
ended up with 265.4 points and the OH-58A with 30.6 points. As mentioned in 
the AACT scoring section, the UH-60A v« the successful combatant in eight 
out of nine valid firing opportunities. 
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TABLE 30  CORRELATION DATA SUMMARY 

AIRCRAFT M/A ATA AACT M/A ATA AACT 
PAIR RATINCS SCORES PERCENTAGE PERCENTAGE 

OH-58A 28.2 29.7 44.8 8.3 
S-76A 34.8 330.0 55.2 91.7 

OH-58A 28.2 30.6 26.3 10.3 
UH-öOA 79.0 265.4 73.7 89.7 

UH-60A 79.0 1.21.0 69.4 95.1 
S-76A 34.8 6.3 30.6 4.9 

OH-58A 28.2 0.0 39.1 0.0 
AH-1S 43.9 17.8 60.9 100.0 

AH-64A 48.6 24.3 57.2 33.3 
SA-365N 36.3 68.8 43.8 66.7 
(fixed gun) 
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The scoring ratio comparison for these two combating helicopters Is shown In 
Table 30. The M/A ATA ratio correlates well with the AACT test results. The 
AACT score ratio actually shows the UH-60A to be more dominant over the OH-58A 
than does the M/A ATA scoring. One explanation could be the maneuver advan- 
tage that the UH-6QA enjoys over the OH-58A. Like the S-76A the UH-60A has an 
advantage in attitude quickness and low 'g' capability. 

S-76A V5 UH-60A (Figure 55): The M/A rating of the ÜH-60A Is quite a bit 
higher than the S-76A - 79 for the UH-60A and 35 for the S-76A. This Is tiue 
to the Improved power loading and the lower blade loading of the BLACK HAWK. 
The resulting ratios give the BLACK HAW. a 69 to 31 advantage. 

The AACT scoring shows the UH-60A to be even more dominant than the M/A pre- 
dictions. The UH-60A received a total of 121 points while the S-76A obtained 
only 6.3. It appears that a maneuvering advantage can result in total to 
dominance in air-to-air combat. If one helicopter has an advantage over 
another (e.g., better climb rate, higher turn rate), the pilot uses that 
advantage all of the time and this can result in consistent wins. The M/A 
ratings reflect more of a relative maneuvering index. 

OH-58A vs AH-1S (Figure 56):  The air-to-air M/A rating for the Cobra is 
significantly higher than that of the Kiowa, 43.9 to 28.2.  This results from 
the low design speed of the OH-58, which prevents it from doing either the 140- 
knot pull-up or the 130-knot decelerating turn. 

Unfortunately, the AACT data analysis yielded only two firing windows, one 
case 2 degrees outside the 3-degree criteria. Both of these were won by the 
AH-IS. However, review of the AACT data shows that the engagements were more 
balance i than the firing window data would indicate. Thus the correlation in 
this ct.se is indeterminate. 

SA-365N vs AH-64A (fixed gun) (Figure r;7): The M/A ratings for this pair are 
also split but not as much as some of the other cases. The AH-64A (AACT) has 
a 48.6 rating while the Dauphin is 36.3. The primary reason for this is the 
lower power loading of the Apache. 

The AACT firing window analysis g/aerated four cases, one won by the AH-64A 
and three by the SA-3C5N. The Dauphin achieved twice the »core of the Apache 
(6S.8 to 34.3). The reason for the discrepancy lies in the extensive use by 
the Dauphin of pedal (flat) turn» which generated large sideslip angles at 
bucket speeds. The large sideslip capability of the Fenestron allowed the 
SA-365N to regularly out turn the AH-6<«A. The Apache's lower power loading 
allowed it to out climb the Dauphin, but this only allowed the AH-64A to avoid 
the Dauphin, not to target it in these fixed gun encounters. Since this large 
slip capability was not evaluated in the simulated maneuvers, the Dauphin's 

M/A rating does not reflect this capability. 
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Two major conclusions emerge from this correlation. First, if an aircraft has 
an advantage over another, It can use that advantage to win consistently even 
though the overall M/A characteristics of the two aircraft may be similar. 
Thus small differences in the M/A ratings or even in maneuver scores may be 
more significant than they appear. Secondly, certain attributes important to 
the AACT results were not evaluated in the simulated maneuvers. One of these 
was the ability to make mid-speed pedal turns. This maneuver was used to some 
extent by all of the helicopters and resulted in many of the valid firing 
opportunities. The other attribute was quickness, or pure agility. The AACT 
results showed the importance of this capability, but none of the nine simulat- 
ed maneuvers evaluated pure agility. 

In addition, the paucity of valid firing windows reduces the correlation 
validity.  Since the helicopters did not have gunsights, frequent cases 
existed where the attacking helicopter was in good position and had ample 
control and maneuver capability to achieve the firing window, but did not 
actually get in the window. 
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CONCLUSIONS 

Fundamental parameter charts developed in M/A Phase I are applicable to a 
wide variety of helicopters. The only exception is the hover turn where 
the fundamental parameter was changed from tail rotor solidity to yaw 
acceleration capability. 

Modern combat helicopters, such as UH-60A and AH-64A, had better M/A than 
either current civil aircraft, like S-76A and SA-365N, or older military 
aircraft such «s AH-1S and OH-58A. 

A methodology has been developed to allow visual playback of AACT time 
history data and provide views out of each cockpit or from any other 
point in the combat space. This methodology also calculates when firing 
opportunities occur and is efficient enough that all 59 encounters 
available were analyzed. 

Relatively few encounters, even at close range, resulted in fixed gun 
fi~ing opportunities. Five aircraft pairs were evaluated for a total of 
59 one-on-one engagements. Only 23 legitimate firing opportunities 
occurred in all of these data. 

A methodology has been developed to score the M/A maneuvers and to 
calculate an M/A rating based on those scores. M/A ratings can be 
calculated for the basic aircraft and for ATA, ATG, NOE and contour 
mission elements. This methodology not only allows comparisons of 
existing aircraft, but provides quantitative evaluations of the effects 
of changes to new designs or existing helicopters. 

A methodology for scoring the AACT firing opportunities has been devel- 
oped. This takes into accoun' the range, angular error and time in the 
firing window. It allows a quantitative comparison of the firing oppor- 
tunities . 

Correlation of the M/A ratings and AACT scores was very good. For four 
of the five aircraft pairs, the aircraft with the higher M/A rating had 
the highest AACT score. In the case of the AH-64A versus SA-365N, the 
Dauphin had a higher AACT score even though it had a lower M/A rating. 
Review of the data indicates that the SA-365N had a very large sideslip 
envelope which allowed it to make flat turns and get more firing opportu- 
nities. 

Detailed and comprehensive free flight CenHel simulation models of the 
UH-60A. S-76A. CH-53E. AK-64A, Atf-lS. OH-58A. SA-365N and Mi-28 are 
available. 

Mi-26 has only fair M/A characteristics when flown in its ATG configura- 
tion at a weight of 22.984 pounds. If evaluated in a ATA configuration 
at a weight of 20.000 pounds (a 13-percent reduction In CM), the M/A 
rating could be significantly better. 
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REPPfMEPPAIIWS 

1. The maneuver simulation, scoring and rating analyses should be extended 
to cover different density altitudes. All of the modern helicopters 
studied employed flat-rated engines to provide them with improved perfor- 
mance at altitude. This study, conducted at sza level standard condi- 
tions, to coincide with the AACT data, does not show the benefits of such 
flat-rating. 

2. Additional helicopters 6hould be added to the study both to increase the 
analytical database and to provide more data for correlation. Candidate 
helicopters are: 

a) UH-60L - Current production variant of the BLACK HAWK, essentially 
identical to the UH-60A except for increase in power and upgraded 
main gearbox. 

b) Mil-24 HIND - Current Soviet attack helicopter. Analytical compari- 
son of this aircraft to current U.S. Army inventory helicopters 
would be valuable. 

c) Bell 406 Combat Scout - Tested in AACT IV; evaluation of this 
helicopter would broaden the correlation database. In addition, it 
provides a good comparison with the OH-58A, showing the effect of a 
new rotor and increased power on basically the same airframe. 

d) MBB/Kawasaki, BK-117 - Also tested in AACT IV; analysis of this 
helicopter would not only broaden the correlation but also provide 
data on a small, modern hingeless rotor helicopter. 

e) Other candidate eircrt-ft include the MH-60K and SH-60B/F since 
GenHel simulation models of these helicopters already exist at 
Sikorsky. T.n addition, the Mi-28 should be reevaluated in a lighter 
weight air-to-air configuration and the CH-53E could be evaluated at 
more typical operational gross weights. The rotor speed should be 
set following current operational procedures - 100-percent for gross 
weights less than 60,000 pounds and 105 percent for higher weights. 

3. Additional maneuvers should be added to the evaluation. One of these 
would be a large sideslip tur.n where the helicopter uses its slip capa- 
bility to slow down and cum more quickly. For this maneuver, the 
sideslip envelopes for each aircraft would have to be specified. Another 
maneuver to be added would be a level flight roll- reversal. This would 
be a good measure of pure agility. 

U. The AACT fixed gun data should be reanalyzed using larger angles to 
define the firing window. Ihe reason for this is that the existing 
analysis shows very few firing opportunities were achieved within the 
arbitrary ±3-degree window and they were all of short duration This is 
probably due to the lack of gui, <phcs on the competing aircraft. A pilot 
can not really Judge a three-degree error in pointing.  Therefore, there 



were probably many instances where the pilot had an excellent firing 
opportunity and the control authority to stay within the firing window 
but in fact was just outside the mathematical criteria. In addition, 
normal instrumentation errors may result in indication that the pointing 
angle was too large when, in fact, it was inside the firing window. 

5. The firing window criteria should be modified to specify a dispersion 
distance rather than an angle. For example, at 1500 meters, a ten meter 
scoring box implies an angular error of 0.?8 degree, but at 100 meters 
the angular error is 5.73 degrees. At high ranges, even small pointing 
errors result in missing the target while at very close ranges, much 
larger pointing angles simply result in targeting of different parts of 
the helicopter. 

6. Future AACT activities should employ gunsights. It would also be desir- 
able to use some form of weapons emulator, as was done in AACT IV, to 
give the pilot feedback on his or her targeting accuracy. 

7. Piloted simulation should be used to evaluate the maneuver results 
predicted by the maneuver controllers. The maneuver controller is very 
precise but it also had the operational limitations r dly enforced. A 
human pilot might not be as precise but he would also not be able to 
impose the operational limits as  .ghtly. 

8. Future AACT activities should include the M/A rating maneuvers as part of 
the workup to air-to-air combat. This would allow a direct correlation 
with the CenHel predictions. 

9. An air-to-air combat study should be conducted using piloted simulators. 
Several important activities would be: 

a) Emulation of ATA combat between AACT pairs to compare results of 
simulators to actual combat. 

b) Evaluation of engagements between pairs of aircraft not already 
involved in AACT. This would be a very cost-efficient method for 
evaluating combat maneuvering given the use of an ATA validated 
simulation facility. In addition. aircraft pairs not readily 
testable (e.g., UH-60A versus Mi-28) could be analyzed via simula- 

tion. 

c) The effect of design parameter changes on ATA combat could be 
assessed quickly and directly. For example, fly a series of engage- 
ments, then change the hinge offset or blade chord or power avail- 
able on one aircraft and re-fly the engagements to quantify the 
effects. Such instantaneous back-to-back comparisons would be 
inva-uable. 

d) The simulator would also allow for direct evaluation of weapons, 
.something that can not be realistically done in the AACT test 

environment. Thus, engagements could be flown with a variety of 
different weapons or with parametric variations of a single weapon. 
Similar activities could be pursued for sensors, displays and 
control systems 
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LIST OF SYMBQLS/ftBBREVTATTONfi/ACRONXMS 

AATD 

ADGW 

ATA 

ATG 

AACT 

AOA 

BDGW 

BL 

CG 

CON 

cT 

CT/O 

D 

DC 

DL 

FPM 

FP 

FPS 

GenHel 

GFI 

GW 

Hd 

HIRSS 

HP 

hrotor 

HI 

Ü. S. Army Aviation Applied Technology Directorate 

Alternate Design Gross Weight 

Ai r-to-Air 

Air-to-Ground 

Air-to-Air Combat Tests 

Angle-of-Attack 

Basic Design Gross Height 

Blade Loading 

Center-of-Gravity 

Contour Flight Regime 

Thrust Coefficient 

Thrust Coefficient divided by Solidity 

Dispersion 

Dispersion Coefficient 

Disk Loading 

Feet per minute 

Fundamental Parameter 

Feet per Second 

General Helicopter Flight Dynamics Simulation 

Government Furnished Information 

Gross Weight 

Density Altitude 

Hover Infrared Suppression System 

Horsepower 

Rotor Height above the Ground 

Height of Reference Fuselage in Aerodynamic 
Scaling Equation 
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LIST OF SYMROLS/ftBBREVIATIQNS/ACRQNYMfi   (Cont'd! 

H2 - Height of Modeled Fuselage in Aerodynamic 
Scaling Equation 

IGE - In-Ground-Effect 

ISA - International  Standard Atmosphere 

LI - Length of Reference Fuselage ir. Aerodynamic 
Scaling  Equation 

L2 - Length of Modeled Fuselage in Aerodynamic 
Scaling Equation 

M - Pitching Moment 

M/A - Maneuverability and Agility 

MGB - Main  Gearbox   (Transmission) 

mm - millimeter 

MOE - Measure  of   Effectiveness 

N - Yawing Moment 

NOE - Nap-of-the-Earth 

Nz - Normal   Load  Factor 

P - Roll   Rate 

PSID *• Psi dot. Yaw Rate 

Q - Pitch Rate 

q - Dynamic Pressure 

ROC - Rate-.f-Climb 

ROD - Rate-of-Descer.t 

RPM - Revolutions  per minute, 

Rounds  per  Minute   (Gun) 

S - Score 

shp - Shaft Horsepower 

SLS - Sea Level Standard 

T - Time 

Tc - Time Coefficient 

TS - Tip Speed 

TW - Twist 

T/W - Thrust to Weight Ratio 
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LIST QT  SYMBQLfi/ABBREVIftTTPMS/ACRQNYMS (Cont'd) 

WE 

Wl 

W2 

Y 

a 

Weight Empty 

Width of Reference Fuselage in Aerodynamic 
Scaling Equation 

Width of Modeled Fuselage in Aerodynamic 
Scaling Equation 

Sideforce 

Rotor Solidity 

Yaw Rate 

AFAPPn 

JfcLFWF 

ALFPPn 

ALF1MR 

BCQDOS 

BLCG 

BLMR 

BLPn 

BLTR 

CDPn 

CHDTKR 

CHDKMR 

CHIPMR 

CLPn 

CMPn 

DDQf 

DELT3MR 

DLQF 

DMQF 

DGF 

GenHel  Program SYMBOLS 

Unit a 
Absolute Value of  ALFPPn deg 

Fuselage Angle-of-Attack deg 

Panel  n Angle-of-AttacSc deg 

Pitch-Lag Coupling Coefficient deg/deg 

Rotor  Stall  Parameter n.d. 

Buttline of  the Center-of-Gravity inches 

Buttline  of the Main Rotor inches 

Buttline of  Panel  n inches 

Buttline  of the Tail  Rotor inches 

Panel n Drag Coefficient n.d. 

Main Rotor  Blade Tip Chord feet 

Main Rotor  Blade Root Chord feet 

Rotor Wake  Skew Angle deg 

Panel  n Lift Coefficient n.d. 

Panel  n Pitching Moment Coefficient n.d. 

Fuselage   Delta  Drag/q square   ft. 

Pitch-Flap Coupling Coefficient deg/deg 

Fuselage  Delta  Lift/q square  ft. 

Fuselage Delta Pitching Moment/q cubic   feet 

Fuselage Drag/q square  ft. 
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LIST OF SYMBnT.S/ABFREVTATTONS/ACRnNYMS (Cont'd) 

GenHel Program SYMBOLS 

EKXPn 

EKXTR 

EKXWF 

EKZPn 

EKZTR 

EKZWF 

EPSPn 

EPSTR 

FSCG 

HPMR 

LQF 

MQF 

NQF 

CMEGMR 

OMEGTR 

OMGTMR 

PDEG 

PDCT 

PHIB 

PSABWF 

PS IB 

PSIWF 

QDEG 

2DOT 

Rotor Interference Velocity Ratio n.d. 
on Panel n in the x-direction 

Rotor Interference velocity Ratio n.d. 
on Tail Rotor in the x-direction 

Rotor Interference Velocity Ratio n.d. 
on  Fuselage  in  the  x-direction 

Rotor Interference Velocity Ratio n.d. 
on Panel n in the z-diroction 

Rotor Interference Velocity Ratio n.d. 
on Tail Rotor in the r-direction 

Rotor Interference Velocity Ratio n.d. 
on Fuselage in the z-direction 

Fuselage Downwash Angle on Panel n deg 

Fuselage Downwash Angle on Tail Rotor deg 

Fuse.\age Station of the inches 
Center-of-Gravity 

Main Rotor Horsepower Horsepower 

Fuselage Lift/q square ft. 

Fuselage Pitching M'..ment/q cubic feet 

Fuselage Yawing Moment/q cubic feet 

Actual Main Rotor Rotational Speed rad/sec 

Tail Rotor Rotational Speed rad/sec 

Main Rotor Trim Rotational Speed rad/sec 

Aircraft Roll Rate deg/sec 

Aircraft Roll Acceleration rad/sec* 

Aircraft Roll Angle deg 

Absolute Value of PSIWF aeg 

Aircraft Heading Angle deg 

Fuselage Yaw Angle (- -sideslip) deg 

Aircraft Pitch Fate deg/sec 

Aircraft Pitch Acceleration rad/sec^ 
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LIST QF SYMBOLS/ABBREVimONS/ACRQNYMS (Cont'd) 

GenHel Program SYMBOLS 

QPnQWF 

RDEG 

RDOT 

RHO 

RMR 

RQF 

RTR 

SIGPn 

SIGTR 

THETAB 

TWSTMR 

VXBDOT 

VXBIKT 

WLCG 

XSEGMR 

YQF 

Dynamic Pressure Ratio at Panel n 

Aircraft Yaw Rate 

Aircraft Yaw Acceleration 

Atmospheric Density 

Main Rotor Radius 

Fuselage Rolling Moment/q 

Tail Rotor Radius 

Fuseiage Sidewash Angle on Panel n 

Fuselage Sidewash Angle on Tail Rotor 

Fuselage Pitch Attitude 

Blade Preformed Twist Angle 

Aircraft Lc/».*i:udinal Acceleration 

Indicated Airspeed 

Waterline of the Center-of-Gravity 

Non-dimensional distance from center of 
rotation to center of blade element 

Fuselage Sideforce/q 

»nit a 

n.d. 

deg/sec 

rad/sec2 

slugs/ft3 

feet 

cubic feet 

feet 

deg 

deg 

deg 

de<, 

ft/sec2 

knots 

inches 

n.d. 

square ft. 
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APPENDIX A 

UH-60A MODEL DATA 

The UH-60A (Figure A-l) Is a medium-size, single-rotor assault transport 
helicopter designed to meet stringent U.S. Army specifications. Approximately 
1200 UH-60A are in service with the U.S. Army. A large number of derivatives 
of this helicopter have been produced for the U.S. Navy (SH-60B, SH-60F, 
HH-60H), U.S. Air Force (MH-60C, HH-60A), U.S. Coast Guard (HH-60J) and 
foreign military use. The BLACK KAUX has a Basic Design Gross Weight (BDCV) 
of 16,625 pounds, a rotor diameter of 53 feet 8 inches, and is powered by two 
General Electric T700-CE-700 turboshaft engines with a intermediate rated 
power (IRP) of 1622 shp each. 

The four-bladed main rotor is of conventional articulated design using elas- 
tomer ic bearings. Flapping and lagging hinges are coincident with a 4.66 
percent hinge offset. The Sikorsky SC1095 airfoil Is utilized inboard and 
outboard while a drooped-nose SC1095R8 airfoil is employed on the mid-span of 
the main rotor blades. The four-bladed tail rotor is 11-feet in diameter, is 
a bearlngless rotor design, and employs the SC1095 airfoils. A continuous 
composite span connects each pair of blade*. The tail rotor is a tractor 
configuration and is canted 20 degrees from the vertical. The BLACK HAWK has 
a 45-square-foot all-moving horizontal tall (stabilator). 

The BLACK HAWK CenHel simulation was already operational at Sikorsky and had 
been extensively validated against flight test data, both ln-house and at NASA 
Ames. 

All of the numerical .-wta used to model the UH-60A are provided in this 
appendix. The first sect'on is a tabular listing of the all the input data 
(Table A-l). The second section Is plots of the map data for fuselage, 
vertical tail and horizontal tail aerodynamics along with plots of the rotor 
interference and fuselage Interference data (Figures A-2 through A-25). The 
tabular data are provided with appropriate labels. Hap data are Identified 
with CenHel variable names provided in the List of Symbols. 

For the UH-60A model, the panel allocation was as follows: 

1. Right horizontal tail 
2. Left horizontal tall 
3. Vertical tail 
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TABLF Ä-l.    TJH-60A SPECIFIC FILE 

V INP 'T PARAMETERS POR RAIN ROTOR MODULES (IA.) 

FSHR: : 
WLHR:: 
BLHR:: 
RMR:: 
OHGTHR; 
BMR:: 
ISMR:: 
ILHR:: 
DELSHR: 
DEL3HR: 
RAF1HR: 
KAF2HR: 
CHDTMR: 
CRDRMR: 
OFSTHR 
SPRLMR: 
WTBDMR; 
IBHR: 
MBKR; 
IRHR: 

BTLMR 
DCDHR 
NBSMR 
NSSMR 

341.215 
315.0 
0.0 
26.83 
:27.0063 
4.0 
-3.0 
0.0 
-9.7 
IO.O 
0.0 
0.0 
;1.73 
.1.73 
;1.25 
3.83 
.256.91 
1512.6 
86.7 
943.9 

.97 

.002 
4 
5 

FUSELAGE STATION,INCHES 
WATERLINE STATION,INCHES 
BUTTLINE STATION,INCHES (+IVE TO PORT) 
RADIUS,FT. 
TRIM ROTATIONAL SPEED,RAD/SEC 
ACTUAL NUMBER Or BLADES 
LONGITUDINAL SHAFT TILT,(POS.BACKWARDS),DEG 
LATERAL SHAFT TILT,(POS.STARBOARD),DEC 
SHASRPLATE PRASE ANGLE,DEG 
FLAPPING HINGE OFFSET ANGLE,DEG. 
LAGGING HINGE OFFSET COEF.(FUNC(LG)) 
LAGGING HINGIS OFFSET COEF. (FUNC(LG**2 )) 
BLADE CHORD AT TIP,FT. 
BLADE CHORD AT ROOT,FT. 
HINGE OFFSET.FT. 
HINGE TO START OF BLADE,FT. 
WEIGHT OF ONE BLADE,LBS. 
BLADE MOMENT OF INERTIA ABOUT HINGE,SLUG-FT"2 
BLADE MASS MOMENT ABOUT HINGE,SLUG-FT*•2 
ROTATING INERTIA OF DRIVE TRAIN ROTOR 
(DUAL ENGINE FAILURE). SLUG-FT**2 
BLADE TIP CUT OFF RATIO 
DELTA DRAG COEF. FOR EACH SEGMENT 
NUMBER OF BLADES SIMULATED.FIX POINT 
NUMBER OF SEGMENTS SIMULATED.FIX POINT 

; •*  MAIN ROTOR NON-LINEAR TWIST MAP •• 
TWMRHP: 

EXP 

TWMRLO: 

:UVRII 
XSEGHRM 
TWSTHRM 
TWHRLO 
0.0.1.0.0.05 

EXP 
EXP 
EXP 
EXP 

0.0, 
-0.95 
-5.3. 
-9.65 

-10.9 

;MAP ARGUMENT:LOOK UP ROUTINE 
;INPUT VARIABLE 
• OUTPUT VARIABLE 
;MAP NAME 
;LOWER LIMIT.UPPER LIMIT.DELTA 

0.0. 
-1.8. 
-6.15, 

•10.3, 

0.0, 
-2.75, 
-7.1. 

•10.75, 

0.0, 
-3.55, 
-7.9. 

-12.3, 

-0.15 
-4.4 
-8.8 

-13.1 

MAIN ROTOR DYNAMIC TWIST SUBHODULE <tA> 

K0TWMP: :UVRM 
VKTIt 
R0TWHMI 
X0TWLO 
EXP 100.0.ISO.0.50.0 

R0TWLO: EXP -.0003.-.00052 

MAIN ROTOR DOWNWASH SUBMODULE (tA) 

XCTMR:: 
KCHMR:: 
KSLHR:: 
TDW0MR: 
TDWCMR: 
TDWSMR: 

1.0 
CO 
0.0 
0.01038 
0.0 
0.0 

THRUST GAIN FOR UNIFORM DOWNWASH 
PITCH.MOM.GAIN FOR DOWNWASH SIN.HARMONIC 
ROLL MOM.GAIN FOR DOWNWASH COS.HARMONIC 
TIME CONST.FOR UNIFORM DOWNWASH FILTER,SEC 
T7HE CONST.FOR DOWNWASH SIN.HARMON.FILTER.SEC 
TIME CONST.FOR DOWNWASH COS.HARMON.FILTER.SEC 
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TABLE A-l. UH-6QA SPECIFIC FILE (Cont'd) 

» 

KBRHR :: 0.0 
KBR.HR::0.0 

ALDMR : 0.227 
BLDHR : 3.242 
CLDHR : 12.040 
DLDHR : 10.0102 
RLDHR : 6.698 
LG0DH1 l::7.0 
THLOni I:-.17.481 

FLAPPING/LAGGING DAMPER CALCULATIONS (#C) 

; FLAPPING HINGE SPRING CONST FT-LBS/RAD 
; FLAPPING HINGE DAMPEf. CONST, ?T-LBS-SEC/*AD 

;   **SET OF MOUNTING DIMENSIONS FOR LAG DAMPER,INCHES•• 

ALIGNMENT OFFSET IN RELATION TO LAG,DEC 
FIXED BLADE PITCH RELATIONSHIP BET. ARM AND THCUFF 

LDMRHP 

EXP 

EXP 

; *• BLACK HAWK LAG DAMPER FORCE VS LAG DAMPER ARM RATE 
L'VSUVSI« »HAP ARGUMENT:LOOK UP ROUTINE 
LC.MRIKA16) ;INPUT VARIABLE 
rrft.KlMfA.it) lOUTPUT VARIABLE 
LLhRLO ;LOW RANGE MAP NAME 
0.0,2.0.0.1 ;LOWER LIMIT,UPPER LIMIT,DELTA 
LDMRHI ;HIGH RANGE MAP NAME 
2.0,7.0,1.0 »LOWER LIMIT,UPPER LIMIT,DELTA 

; LOW ANGLE NAP: LD MR 0 TO 2 0 , DELTA - .1 
LDMRLO: EXP 0.0, 30.0, 90.0, 160.0, 280.0 

EXP 490.0, 720.0, 950.0, 1190.0, 1400.0 
EXP 1630.0, 1660.0, 2090.0, 2310.0, 2530.0 
EXP 2770.0, 2980.0, 3200.0, 3310.0, 3370.0 
EXP 3410.0 

; HIGH ANCLE MAP: LD.HR 2.0 TO 7.0 , DELTA-1.0 
LDMRHI: EXP   3410.0,    3550.0,    3615.0,    3680.0,    3745.0 

EXP   3815.0 

FSWF: 
WLWF: 
BLWF: 
IWF: : 

LQFHP 

EXP 

EXP 

LQFLO: 

LQFHI: 

INPUT PARAMETERS FOR FUSELAGE/WING («A) ••**•* 
MOUNTING POINT FOR MODEL IN WIND TUNNEL •••••• 
345.5 }   PUSELAGE   STATIONEN. 
2 34.0 ; WATERLINE STATION,IN. 
0.0 » BUTTLINE STATION,IN. UIVE TO PORT) 
0.0 ; WING INCIDENCE,DEC. 

; •• BLACK HAWK FUSELAGE LIFT (TAIL OFF IRS OFF) VS ALFWF 
:UV*UVRI| 
ALFVFM 
LOFM 
LQFLO 
-30.0,30.0,5.0 
LQrHI 
-90.0,90.0,10.0 

»MAP ARGUMENT:LOOK UP ROUTINE 
I INPUT VARIABLE 
»OUTPUT VARIABLE 
»LOW ANGLE HAP NAME 
»LOWER LIMIT, U^PER LIMIT, DE'.TA-LOW ANGLE 
»HIGH ANGLE HAP NAME 
»LOWER LIMIT,UPPER LIMIT,DELTA-HIGH ANGLE 

; LOW ANGLE MAP: ALFWF -30 TO 30 
EXP -70.0,      -52.0, 
EXP -5.0,        1.0, 
EXP 3J.0,       34.0, 

; HIGH ANGLE MAP: ALFWF -91 
EXP     -24.0,      -54.0, 
EXP     -83.0,      -70.0, 
EXP      20.0,       30.0, 
EXP      50.0,       48.0. 

TO 30 , DELTA-5 
-35.0. -2S.0. -13.0 
10.0. 20.0, 25.0 
37.0 

TO 90 , DELTA-10 
-72.0. -81.0. -65.0 
-35.0. -13.0, i.e 
37.0. 43.0, 48.0 
39.0. 22.0 
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TABLE Al.  DH-60A SPECIFIC FILE (Cont'd) 

*• BLACK HAWK rUSELAGE DRAG (TAIL OFF IRS OFF) VS ALFWF 
REVISED TO INCLUDE FUSELAGE BARDPOINTS 3/67 

DQFHP::UVFUVRM 
ALFWFti 
DQFIi 
DQFLO 

EXP  -30.0,30.0.5.0 
DQFHI 

EXP  -90.0,90.0,10.0 

;HAP ARGUMENT:LOOK UP ROUTINE 
;INPUT VARIABLE 
;OUTPUT VARIABLE 
,LOW ANGLE KAP NAME 
;LOWER LIMIT,UPPER LIKIT,DELTA-LOW ANGLE 
;BIGB ANGLE HAP NAHE 
; LOWER LIMIT, Uk*?ER LIHIT.DELTA-BIGB ANGLE 

; LOW ANCLE BAP: ALFWF -30 TO 30 , DELTA«5 
DQFLO: EXP     46.99,      39.49,      33.59,      29.39, 

EXP     25.49,     25.49,      26.99,     29.49, 
EXP     38.49,     44.99,      52.99 

26.97 
33.19 

; HIGH ANGLE HAP: ALFWr -90 TO 90 , DELTA-10 
DQFHI: EXP 151.91,     146.91,     134.91.     115.91.      89.91 

EXP 62.91,      46.99,      33.59,     26.97,      25.49 
EXP 29.49,      38.49,      52.99,      67.91,       85.91 
EXP 111.91,     133.91,     146.91,     151.91 

; •• BLACK HAWK FUSELAGE PITCH HOHENTtTAII OFF) VS ALFWr 
MQFMP: :UVRUVRM 

ALFWFIJ 
HQFtl 
HQrLO 

EXP -30.0,30.0,5.0 
MQFHI 

EXP  -90.0,90.0,10.0 

;HAP ARGUMENT:LOOK UP ROUTINE 
;INPUT VARIABLE 
/OUTPUT VARIABLE 
;LOW ANGLE HAP NAHE 
;LOWER LIMIT.UPPER LIHIT,DELTA-LOW ANGLE 
;HIGH ANGLE HAP NAHE 
;LOWER LIMIT,UPPER LIMIT,DELTA-HGIH ANGLE 

; LOW ANGLE HAP: ALFWF -30 TO 30 , DELTA-5 
MQFLO: EXP -740.0,     -700.0,     -630.0. -520.0, 

EXP -230.0,      -90.0,       10.0, 100.0, 
EXP    450.0,      600.0,      750.0 

-380.0 
290.0 

. SIGH ANGLE HAP: ALFWF -90 TO 90 , DELTA-10 
MQFHI: EX"    -200.0, -470.0,     -645.0,     -730.0.      -760.0 

tX9          -760.0, -740.0,     -630.0,     -380.0,       -90.0 
EXP     100.0, 450.0,      750.0,      810.0,       825.0 
EX?     780.0, 650.0,      470.0,      200.0 

; •* BLACK HAWK FUSELAGE DELTA LIFT VS PSIWF 
DLQFMP::UVRII ;HAP ARGUMENT:LOOK UP ROUTINE 

PSIWFtl ;INPUT VARIABLE 
DLQFM »OUTPUT VARIABLE 
DLQfLO ;LOW ANGLE HAP NAME 

EXP  -30.0,30.0.5.0 .LOWER LIMIT.UPPER LIMIT.DELTA-LOW ANGLE 

; LOW ANGLE HAP: PSIWF -30 TO 30, DELTA-5 
DLQTLO: EXP 30.0,       20.0,       12.0. 7.0, 

EXP 2.0,        0.0,        2.0. 5.0, 
EXP 15.0,       22.0.       30.0 

3.0 
10.0 

; •• BLACK HAWK FUSELAf.r DELTA DRAG VS PSIWr(ABS) 
DDOrMP: :UVRUV.M 

PSABWMI 
DDQFII 
DDQFLO 

EXP  0.0,30.0,5.0 
DDQFHI 

EXP  30.0.90.0.10.0 

MAP ARGUMENT:LOOK UP ROUTINE 
INPUT VARIABLE 
OUTPUT VARIABLE 
LOW ANGLE MAP NAME 
LOWER LIMIT.UPPER LIMIT,DELTA-LOW ANGLE 
HIGH ANGLE HAP NAME 
LOWER LIMIT.UPPER LIMIT.DELTA-HIGH ANGLE 
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ODQFLO: 

DDQFHI: 

TABLE A-l.  DH-60A SPECIFIC FIIÄ (Cont'd) 

; LOW ANGLE KAP: PSI(ABS) 0 TO 30, DELTA-5 
EXP 
EXP 

EXP 
EXP 

1.0, 
38.5 

4,0,       9.0, 

; HIGH ANGLE HAP: PSI(ABS) 30 TO 90, DELTA-10 

0.0, 
28.0, 

76.5, 
170.5 

113.5,      141.5, 

** BLACK HAWK TUSELAGE DEL PITCH KOH VS PSIWF(ABS 

38 5, 
169.5. 

16.3 

164.5 

DMQFMP: -.UVP.II 
PSABWFM 
morn 
DHQFLO 

EXP  0.0,30.0,5.0 

;KAP ARGUMENT-.LOOK UP ROUTINE 
;INPUT VARIABLE 
jOUTPUT VARIABLE 
;LOW RANGE KAP NAME 
;LOWER LIMIT,UPPER LIMIT,DELTA-LOW ANGLE KAP 

; LOW ANGLE KAP: PSI(ABS) 0 TO 30, DELTA-5 
DHOTLO:EXP      0.0,      10.0,      20.0,      50.0, 

EXP     130.0,      180.0 
90.0 

; •• BLACK HAWK FUSELAGE SIDE FORCE (TAIL OFF) VS PSIWF 
YQFMP: rtJVSUVSM ;KAP ARGUHENT:LOOK UP ROUTINE 

PSIWFM ; INPUT VARIABLE 
YQFII ;OUTPUT VARIABLE 
YQFLO ;LOW ANGLE MAP NAME 

EXP  0.0,30.0,5.0 ;LOWER LIMIT,UPPER LIHIT,DELTA-LOW ANGLE 
YQFHI ;HIGH ANGLE MAP NAME 

EXP  30.0,90.0,10.0 ."LOWER LIMIT,UPPER LIMIT, DELTA-EGIH ANGLE 

; LOW ANGLE KAP: PSIWF 0 TO 30, DELTA-5  Y(PSI)—Y(-PSI) 
YQFLO: EXP       0.0,       11.0.       23.0,       35.0,        50.0 

EXP      65.0,       72.0 

; HIGH ANGLE KAP: PSIWF 30 TO 90, DELTA-10  Y(PSI)—Y(-PSI) 
YQFHI: EXP      72.0,       92.0.      103.0,      100.0,        84.0 

EXP      64.0,       37.0 

; *• BLACK HAWK FUSELAGE ROLLING MOMENT (TAIL OFF) VS PSIWF 
RQFHP: :UVSUVSM ;MAP ARGUMENT: LOOK UP ROUTINE 

PSIWFM ; INPUT VARIAFLE 
RQFM ;OUTPUT VARIABLE 
RQFLO ;LOW ANGLE MAP NAME 

EXP  0.0,30.0,5.0 ;LOWER LIMIT,UPPER LIMIT.DELTA-LOW ANGLE 
RQFKI ;HIGH ANGLE HAP NAMt 

EXP  30.0,90.0,10.0 ,-LOWER LIMIT.UPPER LIMIT,DELTA-HGIH ANGLE 

; LOW ANGLE MAP: PSIWF 0 TO 30, DELTA-5  R( PSI ) —R(-PSI ) 
RQFLO: EXP       0.0,        0.0,        0.0,      -30.0,       -75.0 

EXP    -120.0,     -110.0 

; HIGH ANGLE MAP: PSTWF 30 TO 90, DELTA-10  R( PSI )—R(-PSI ) 
RQFHI: EX*    -110.0,     -106.0,     -103.0,     -101.0.      -100.0 

EXP    -100.0.     -100.0 

; •• BLACK HAWK FUSELAGE YAWING MOMENT (TAIL OFF) VS PSIWF 
NQFHP: :UVRUVRM ;MAP ARGUMENT : LOOK UP ROUTINE 

PSIWFII .INPUT VARIABLE 
NQFIi .OUTPUT VARIABLE 
NQFLO ;LOW ANGLE HAP NAME 

EXP  -30.0,30.0,5.0 ;LOWER LIMIT,UP7ER LIMIT,DELTA-LOW ANGLE 
NQFHI ;HIGH ANGLE HAP NAME 

EXP  -90.0.90.0,10.0 ;LOWER LIMIT.UPPER LIMIT.DELIA-HIGH ANGLE 

; LOW ANGLE MAP: PSIWF -30 TO 30. DELTA-5 
NQFLO: EXP -140.0,     -190.0,     -240.0, -220.0,      -180.0 

EXP -100.0,        0.0.      100.0. 180.0,       220.0 
EXP 240.0,      190.0,      140.0 
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TAKLE A-l. TJB-60A SPECIFIC TUE (Cont'd) 

; HIGH ANGLE HAP: PSIWF -90 TO 90, DELTA-10 
NOPHI: EXP 440.0,      392.0,      332.0,     259.0,      160.0 

EXP 40.0,     -140.0,     -240.0,    -180.0,        0.0 
EXP 180.0,      240.0,      140.0,      59.0,      -30.0 
EXP -125.0,     -220.0,     -320.0,    -420.0 

ROTOR INTERFERENCE ON THE FUSLEAGE (HRPA) 

; •• BLACK HAWK FORE/AFT H.R. DOWNWASH AT FUSELAGE 
EXVFHP::BIVM jfcA? ARGUHENT:LOOK UP ROUTINE 

EXP  CHIPHRtl.AAlFHRII  ;INPUT VARIABLE tl, INPUT VARIABLE 12 
EXXWPI« ;OUTPUT VARIABLE 
EXNFLO .'LOW ANGLE HAP NAHE 

EXP  0.0,100.0,10.0,13  »LOW LIH,UPPER LXH,DELTA,tENTRY8(OCT)-CHIPHR 
EXP  -6.0,6.0,6.0       ;LOW LIH,UPPER LIH,DELTA-AA1FHR 

; LOW ANGLE HAP CHIPHR 0 TO 100 (DEL-10) AAlFKR -6,0,6 
I   AA1FHR—6 

EXWFLO:EXP 0.08, 0.18, 0.3, 0.43, 0.55 
EXP 0.66, 

0.0 

I   AA1FHR-0 

0.79, 0.9, 1.03, 0.55 

EXP 0.0, 0.1, 0.21, 0.32, 0.42 
Exr 0.54, 

0.0 

j AA1PHR-6 

0.66, 0.8. 0.«4, 0.5 

EXP -0.12, 0.02, 0.08, 0.18. 0.28 
EXP 0.4. 

0.0 
0.53. 0.67, 0.62, 0.4 

; *• BLACK HAWK VERTICAL H.R. DOWNWASH AT FUSELAGE 
E2WFHP::BIVI# ;HAP ARGUHENT:LOOK UP ROUTINE 

EXP  CHIPHRtl.AAlFHRII (INPUT VARIABLE II, INPUT VARIABLE 12 
EKZWFII j OUTPUT VARIABLE 
EZWFLO (LOW ANGLE HAP NAHE 

EXP  0.0,100.0.10.0,13 »LOW LIH,UPPER LIH,DELTA,IENTRYS(OCT)-CHIPHR 
EXP  -6.0,6.0,6.0 jLOW LIH,UPPER LIH,DELTA-AA1FHR 

LOW ANGLE HAP CHIPHR 0 TO 100 (DEL-10) AA1FHR -6,0,6 
AAlFHR— 6 

EZWrLO:EXP 
EXP 

1.11, 
1.04, 
0.6 

; 
EXP 
EXP 

AA1FHR-0 
1.12, 
\.12, 
0.6 

EXP 
EXP 

AAlFHR-6 
1.15. 
1.17. 
0.6 

, INPUT ! PARAMETER 

FSPl: 
WLPl: 
BLPl: 
SAP1: 
GAHP1 
I0P1: 
CP1:: 

700.1 
244 .0 
-36.6 
22.5 

: 0.0 
t 
1.0 

1.09. 
1.02. 

1.12. 
1.12, 

1.15, 
1.16 

1.08. 
1.01, 

1.12. 
1.12. 

1.15. 
1.22. 

1.065. 
1.0. 

1.12. 
1.11. 

1.15 
1.16 

1.05 
0.88 

1.12 
0.96 

1.16 
0.98 

PANEL II (IA) 

FUSELAGE STATION,INCH 
WATERLINE STATION.INCH 
BUTTLINE STATION.INCH (•IVE TO PORT) 
SUPrACE AREA OF PANEL IK NOT INCLUDE IN HAP 
PANEL ORIENTATION. DEG 
PANEL INCIDENCE.DEG 
PANEL HEAN AERO CHORD,FT 
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TABLE A-l. UH-6QA SPECIFIC FILE (Cont'd) 

; •* BLACK HAWK BORXZONTAL STABILIZER (RT PANEL) LIFT COEPFICIENT VS ALPPPl 

; S-22.5 FT*«2 .ASPECT RATIO-4.6 ,0014 AIRFOIL 
CLPlHP::UVSUVS|# ;HAP ARGUHENT:LOOK UP ROUTINE 

ALFPPlll ;INPUT VARIABLE 
CLPlll ;CUTPUT VARIABLE 
CLP1LO ;LOW ANGLE HAP NAME 

EXP  0.0,30.0,5.0 ;LOWER LIHIT,UPPER MBIT,DELTA-LOW ANGLE 
CLP1HI ;BIGH ANGLE HAP NAME 

EXP  30.0,90.0,10.0 ;LOWER LIHIT,UPPER LIMIT,DELTA-HIGH ANGLE 

; LOW ANGLE HAP ALFPP1 0 TO 30,l'ELTA-5 CL( ALF) — CL{ -ALP) 
CLP1LO: EXP     0.0,       0.356,     0.7\,      0.92.       1.02 

EXP     1.02,      0.99 

; HIGH ANGLE RAP ALPPPl 30 TO 90.DELTA-10 CL( ALP ) —CL(-ALF ) 
CLP1HI: EXP      0.99,       0.847,      0.847,      0.745,       0.558 

EXP      0.294,      0.0 

; •• BLACK HAWK HORIZONTAL STABILIZER PRAG VS ALFPri(ABS) 
CDPlMP: ;UVRUVRM ;HAP ARGUHENT:LOOK UP ROUTINE 

AFAPP1M J INPUT VARIABLE 
CDPlll .«OUTPUT VARIABLE 
CDP1LO ;LOW ANGLE HAP NAHE 

EXP  0.0,30.0,5.0 .-LOWER LIHIT,UPPER LIHIT,DELTA 
CDP1HI ;HIGH ANGLE HAP NAHE 

EXP  30.0,90.0.10.0 ;LOWER LIHIT,UPPER LIHIT,DELTA 

; LOW ANGLE HAP ALPPPl 0 TO 30.DELTA-5 CD(ALF)-CD(-ALF) 
CDPILO: EXP      0.01.       0.022.      0.04,       0.19,        0.36 

EXP      0.37,       0.43 

; HIGH ANGLE HAP ALPPPl 30 TO 90.DELTA-10 CD« ALD-CDl -ALF) 
CDP1HI: EXP     0.43,      0.531,      0.702,      0.888,      1.05 

EXP      1.161.      1.2 

; •• BLACK HAWK dORIZONTAL STABILIZER HOHENT IC/4 VS ALPPPl 
CHP1MP: rUVSUVSM ,HAP ARGUMENT: LOOK UP ROUTINE 

ALFPPlll ;INPUT VARIABLE 
CHP1II »OUTPUT VARIABLE 
CHP1LO ;LOW ANGLE HAP NAME 

EXP  0.0.30.0.5.0 »LOWER LIHIT.UPPER LIMIT.DELTA-LO* ANGLE 
CHP1HI ;HIGH ANGLE HAP NAME 

EXP  30.0,90.0.10.0 -LOWER LIHIT.UPPER LIMIT,DELTA-HIGH ANGLE 

; LOW ANGLE HAP ALPPPl 0 TO 30. DELTA-5 
CMP1LO: EXP 0.0.        0.00125.    0.0025,     0.005.     -0.04S 

EXP -0.105.     -0.125 
• HIGH ANGLE MAP ALFPP1 30 TO 90, DELTA-10 

CHP1H1: EXP -0.125.     -0.125,     -0.125.     -0.125,     -0.125 
EXP -0.125.     -0.12S 

INP'JT PARAMETERS FOR ROTOR INTERFERENCE ON THE HORIZ.TAIL II (MRPA 

; •• BLACK HAWK FORE/AFT H.R. DOWNWASH AT HORIZONTAL TAIL 
EXP1MP: :BIVM 

EXP  CHIPMRII.AAIFHRII 
EKXP1II 
EXP1LO 

EXP  0.0.100.0,10.0.13 

HAP ARGUMENT:LOOK UP ROUTINE 
INPUT VARIABLE II, INPUT VARIABLE 12 
OUTPUT VARIABLE 
LOW ANGLE HAP NAME 
LOW LIH,UPPER LIM.DELTA.IENTRYS{OCT)-CHIPHH 

EXP  -6.0.6.0.6.0        ;LOW LIH.UPPER LIM.DELTA-AA1FMR 
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TABLE A-l. DH-60A SPECIFIC FILE (Cont'd) 

; LOW ANGLE KAP CHIPHR 0 TO 100 (DEL-10) AAlFHR «6,0,6 
; AAlFHR—6 

EXP1L0:EXP 0.0, -0.2, 0.05, 0.3, 0.54 
EXP 0.8, 

0.0 

; AAlFHR«0 

1.04, 1.3, 1.55, 0.8 

EXP -0.4, -0.6, -0.2, 0.12, 0.36 
EXP 0.6, 

0.0 

; AA1FBR-6 

0.83, 1.06, 1.3, 0.66 

EXP -0.56, -0.8, -0.74, -0.32, 0.04 
EXP 0.32, 

0.0 
0.6. 0.86, 1.12, 0.54 

•• BLACK HAWK VERTICAL U.R. DOWNWASH AT HORIZONTAL TAIL 

EZP1RP::BIVt| »MAP ARGUMENT:LOOK UP ROUTINE 
EXP  CHIPBRII.AAlFBRII ;INPUT VARIABLE II, INPUT VARIABLE 12 

*KZP1M ,-OUTPUT VARIABLE 
EZP1LO ;LOW ANGLE HAP NAME 

EXP  0.0,100.0,10.0.13 ;LOW LI«,UPPER LIB,DELTA.lENTRYSlOCTJ-CHIPBR 
EXP  -6.0,6.0,6.0 ;LOW LIB,UPPER LIN,DELTA-AAirHR 

; LOW ANGLE HAP CHIPBR 0 TO 100 (DEL-10) AA1PHR -6,0,6 
; AAlFBR—6 

EZPlLO:EXP     -0.13, 0.8,       1.8,       1.82,      1.86 
EXP      1.88, 1.91,      1.94,      1.69,       1.42 

1.14 

; AAlPBR-0 
EXP       0.4, 0.94,       1.84.       1.91,       1.98 
EXP      2.04, 2.08,      2.14,      1.89,      1.62 

1.35 

; AAlFBR-6 
EXP      0.78, 1.36,      1.91.      1.99,      2.06 
EXP      2.14. 2.21,      2.28.      2.16.       1.96 

1.56 

FUSELAGE INTERFERENCE ON TBE BORIZ.TAIL II (WFPA) 

;•• BLACK BANK DYNAMIC PREISURE RATIO AT BORIZONTAL TAIL VS ALFWF 
QP1NP::UVRI| »RAF ARGUMENTzLOOK UP ROUTINE 

ALPNPlt ,INPUT VARIABLE 
QFiQWrM »OUTPUT VARIABLE 
OP1LO ;LOW ANGLE BAP NABE 

EXP  -30.0,30.0,5.0 jLOWER LIBIT. UPPER LIMIT, DELTA 

; LOK ANGLE BAP ALTPfl -30 TO 30 DELTA-5 
QP1LO:  EXP      1.0, 0.875.      0.762,      0.76,        0.7b 

EXP      0.76. 0.76,       0.76,       0.76,        0.12 
EXP      0.90, 1.0,        1.0 

;•• BLACK BANK DOWNMASB ON BORIZONTAL TAIL VS ALHir DUE TO BODY 
EPP1HP: :UVRUVRM ; NAP ARGUMENT : LOOK UP ROUTINE 

ALfWril }INPUT VARIABLE 
EPSP1M »OUTPUT VARIABLE 
EPP1LO ;LOW ANGLE BAP NAME 

EXP  -J0.0.30.0.S.O ;LONER LIBIT,UPPER LIBIT.DELTA-LOW ANGLE 
EPP1BI jRIGB ANGLE BAP NAME 

EXP  -90.0,90.0,10.0 »LOWER LIMIT.UPPER LIMIT,DELTA-BIGB ANGLE 
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TABLE A-l. UH-60A SPECIFIC FILE (Cont'd) 

EPP1L0: EXP       1.8, 
EXP      0.5, 
EXP      0.19, 

; HIGH ANGLE 
EPP1HX: EXP       0.0, 

EXP       1.9, 
EXP       0.38, 
EXP     -0.65, 

i INPUT PARAMETERS F 

rSP2: : 700.1          ; 
WLP2:: 244.0 
BLP2:: 36.6 
SAP2:: 22.5 
GAMP2:: 0.0 
I0P2:: 2                 ; 
CP2:: 1.0 

LOW ANGLE HAP ALPPPl -30 TO 30 DELTA-5 
1.4, 1.1, 
0.45, 0.40, 

-0.12, -0.40 

0.25, 
1.8, 
0.19, 

-0.45, 

0.7, 
1.1, 

-0.4, 
-0.15, 

0.8, 
0.38, 

1.2, 
0.55, 

-0.7, 
0.0 

PANEL 12 (IA) 

0.55 
0.33 

1.6 
0.45 
•0.75 

FUSELAGE STATION,INCH 
WATERLINE STATION,INCH 
BUTTLINE STATION,INCH (*IVE TO PORT) 
SURFACE AREA OF PANEL IP NOT INCLUDE IN MAP 
PANEL ORIENTATION, DEG 
PANEL INCIDENCE,DEG 
PANEL MEAN AERO CHORD,PV 

:*• BLACK RAKX HORIZONTAL STABILIZER (L? PANEL) LIFT COEFFICIENT VS ALFPP2 
S-22.5 FT»*2 .ASPECT RATIO-4.6 ,0014 AIRFOIL 
CLP2MP: :UVSUVSM 

ALFPP2II 
CLF2II 
CLP2LO 

EXP  0.0,30.0,5.0 
CLP2HI 

EXP  30.0,90.0,10.0 

;HAP ARGUMENT:LOOK UP ROUTINE 
;INPUT VARIABLE 
;OUTPUT VARIABLE 
;LOW ANGLE MAP NAME 
;LOWER LIMIT,UPPER LIMIT,DELTA-LOW ANGLE 
;HIGH ANGLE MAP N*ME 
;LOWER LIMIT,UPPER LIMIT,DELTA-HIGH ANGLE 

CLP2LO: EXP 
EXP 

CLP2HI: EXP 
EXP 

LOW ANGLE HAP ALFPP2 0 TO 30,DELTfc-5 CL( ALF )—CL(-ALF ) 
0.0,       0.356,      0.71,      0.92.       1.02 
1.02,       0.99 

HIGH ANGLE MAP ALFPP2 30 TO 90.DELTA-10 CutALF)—CL(-ALF) 
0.99. 0.847. 0.847, 0.745, 0.558 
0.294,      0.0 

EXP 

BLACK HAWK HORIZONTAL STABILIZER DRAG VS ALFPP2(ABS 
;HAP ARGUMENT:LOOK UP ROUTINE 
;INPUT VARIABLE 

CDP2M .'OUTPUT VARIABLE 
CDP2LO ;LOW ANGLE MAP NAME 
0.0,30.0.5.0        .-LOWER LIMIT.UPPER LIMIT,DELTA 
CDP2HI ;KIGH ANGLE HAP NAME 
30.0.90.0,10.0      ,-LOWER LIMIT.UPPER LIMIT,DELTA 

CDP2HP:rUVRUVRIf 
AFAPP2M 

EXP 

; LOW ANGLE MAP ALFPP2 0 TO 
CDP2LO: EXP      0.01.       0.022, 

EXP      0.37.       0.43 

30.DELTA-5 CD(ALF)-CD(-ALF) 
0.04,       0.19.        0.36 

; HIGH ANGLE MAP ALFPP2 30 TO 90.DELTA-10 CD<ALF)-CD(-ALF) 
CDP2HI: EXP      0.43.       0.531.      0.702.      0.888,       1.05 

EXP      1.161.      1.2 

; •• BLACK HAWK HORIZONTAL STABILIZER MOHENT #C/4 VS ALFPP2 
CHP2HP::UVSUVSI4 

ALFPP2M 
CHP2M 
CHP2LO 

EXP  0.0.J0.0.5.0 
CNP2H' 

EXP  30.0.90.0.10.0 

;HAP ARGUMENT:LOOK UP ROUTINE 
;INPUT VARIABLE 
;OUTPUT VARIABLE 
,-LOW ANGLE MAP NAME 
;LOWER LIMIT.UPPER LIHIT.DELTA-LOW ANGLE 
.-HIGH ANGLE HAP NAME 
,-LOWER LIMIT.UPPER LIMIT . DELTA-HIGH ANGLE 
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TABLE A-l. UH-6QA SPECIFIC FILE (Cont'd) 

; LOW ANGLE HAP ALFPP2 0 TO 30, DELTA-5 
CNP2LO. 2XP 0.0,       0.00125,    0.0025,    0.005,    -0.045 

EXP -0.105.     -0.125 

; HIGH ANGLE HAP A.LFPP2 30 TO 90, DELTA-10 
CHP2HI: EXP -0.125.     -0.125,    -0.125.    -0.125,     -0.125 

EXP -0.125,    -0.125 

INPUT PARAMETERS TOR ROTOR INTERFERENCE ON THE HORIZ.TAIL #2 (HRPA) 

; •* BLACK HAWK FORE/AFT H.R. DOWNWASB AT HORIZONTAL TAIL 
£XP2HP::BIVM ;HAP ARGUMENT:LOOK UP ROUTINE 

EXP  CHIPMRM.AA1FHRII :INPUT VARIABLE II, INPUT VARIABLE 12 
ERXP2M ;OUTPUT VARIABLE 
EXP2LO :LOW ANGLE HAP NAHE 

EXP  0.0.100.0.10.0,13 /LOW LIH,UPPER LIH,DELTA,IENTRYS(OCT)-CHIPHR 
EXP  «6.0,6.0.6.0 ;LOW LIH,UPPER LIH.DELTA-AAIFHR 

; LOW ANGLE HAP CBIPHR 0 TO 100 (DEL-10) AAlFHR -6,0,6 
2 AA1FNR—6 

EXP2LO:EXP 0.0, -0.2. 0.05, 0.3, 0.54 

EXP 0.8, 
0.0 

1.04, 1.3, 1.55, 0.8 

EXP 
EXP 

; AAlFnR-0 
-0.4, 
0.6, 
0.0 

-0.6, 
0.83. 

-0.2. 
1.06, 

0.12, 
1.3, 

0.36 
0.v6 

EXP 
EXP 

; AA1FKR-6 
-0.56, 
0.32, 
0.0 

-0.8. 
0.6, 

-0.74, 
0.86, 

-0.32, 
1.12, 

0.04 
0.54 

I •• BLACK HAWK VERTICAL H.R. DOWNWASB AT HORIZONTAL TAIL 
EZP2HP:rBIVIf ;HAP ARGUMENT:LOOK UP ROUTINE 

EXP  CHIPKRM.AA1FHRII J INPUT VARIABLE «1, INPUT VARIABLE 12 
EKZP2II {OUTPUT VARIABLE 
EZP2LO ,-LOW ANGLE HAP NAHE 

EXP  0.0,100.0,10.0,13 ;LO* LIH,UPPER LIH,DELTA,IENTRYS(OCT)-CHIPHR 
EXP  -6.0.6.0,6.0 /LOW LIH,UPPER LIH,DELTA-AAlFHR 

i LOW ANGLE HAP CHIPHR 0 TO 100 (DEL-10) AAlFHR -6,0,6 
; AAlFHR—6 

EZP2LO:EXP      -0.13, 0.8,        1.8,        1.82,       1.85 
EXP       1.88. 1.91,       1.94,       1.69,       1.42 

1.14 

; AAlFHR-0 
EXP       0.4, 0.94,       1.84.       1.91,       1.98 
EXP       2.04, 2.08,       2.14,       1.89,       1.62 

1.35 

; AA1FHR-6 
EXP       0.78, 1.36.       1.91,       1.98,       2.06 
EXP      2.14, 2.21.      2.26.      2.16.       1.96 

1.56 
....... FUSELAGE INTERFERENCE ON THE RORIZ.TAIL 12 (WFPA) •••••• 

!•« BLACK RANK DYNAMIC PRESSURE RATIO AT RORIZONTAL TAIL VS ALFWr 
QP2HP::UVRIC »HAP ARGUHENT:LOOK UP ROUTINE 

ALFWril IINPUT VARIABLE 
0P2OWFM /OUTPUT VARIABLE 
OP2LO /LOW ANGLE HAP NAME 

EXP  -30.0.30.0.5.0      /LOWER LIMIT. UPPER LIMIT, DELTA 
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TABLE A-l. DH-60A SPECIFIC FILE (Cont'd) 

QP2LG: 

EPP2MP; 

EXP 

EXP 

; LOU ANCLE HAP ALfPP2 -30 TO 30 DELTA-5 
EXP 1.0,       0.875,      0.762,      0.76, 
EXP 0.76,       0.76,       C.76,       0.76, 
EXP 0.90,      1.0,       1.0 

0.76 
0.62 

;•• BLACK HAWK DOWNWASH ON HORIZONTAL TAIL VS ALFWF DUE TO BODY 

EPP2HI 

:UVRUVRII 
ALFWrM 
EPSP2M 
EPP2LO 
-30.0,30.0,5.0 
EPP2HI 
-90.0,90.0,10.0 

.MAP ARGUMENT:LOOK UP ROUTINE 
;INPUT VARIABLE 
;OUTPUT VARIABLE 
LOW ANGLE HAP NAME 
LOWER LIMIT,UPPER LIMIT,DELTA-LOW ANGLE 
HIGH ANGLE HAP NAME 
LOWER LIMIT,UPPER LIMIT,DELTA-HIGH ANGLE 

EPP2LO: EXP 
EXP 
EXP 

; LOW ANGLE MAP ALFPF2 -30 TO 30 DELTA-5 
1.8,        1.4,        1.1,        0.8, 
0.5,       0.45,      0.40,      0.38, 
0.19,     -0.12,     -0.40 

; HIGH ANGLE MAP ALfPP2 -90 TO 90 DELTA-10 
EXP 
EXP 
EXP 
EXP 

0.0, 
1.9, 
0.38, 

-0.65. 

0.25, 
1.6, 
0.19, 

-0.45, 

0.7, 
1.1. 

-0.4. 
-0.15, 

1.2, 
0.55, 

-0.7, 
0.0 

0.55 
0.33 

1.6 
0.45 

-0.75 

INPUT PARAMETERS PCR PANEL 13 <#A) »•»»«•• 

rsP3 
WLP3 
BLP3 
SAPJ 
GAMP 3 
I0P3: 
CP3: : 

CLP3MP 

695.0 
273.0 
0.0 
32.3 
-90.0 
0.0 
1.0 

; rUSELAGE STATION,INCH 
; WATERLINE STATION,INCH 
; BUTTLINE STATION,INCH 
; SURPACE AREA OF PANEL IP NOT INCLUDE IN HAP 
; PANEL ORIENTATION, DEC 
; PANEL INCIDENCE,DEC 
; PANEL HEAN AJtEO CHORD, PT 

;•• BLACK HAWK VERTICAL STABILIZER HPT COEFFICIENT VS ALFPP3 
; S-32.3 FT««2 .ASPECT RATIO «1.92 ,0021 HOD AIRFOIL 

EXP 

EXP 

UVRUVRII 
ALFPF3M 
CLP3M 
CLP3LO 
-30.0,30 
CLP3HI 
-90.0.90 

0,5.0 

0.10.0 

»HAP ARGUMENT:LOOK UP ROUTINE 
jINPUT VARIABLE 
;OUTPUT VARIABLE 
LOW ANGLE HAP NAME 
LOWER LIHIT.UPPER LIHIT,DELTA-LOW ANGLE 
HIGH ANGLE HAP NAME 
LOWER LIHIT.UPPER LIHIT.DELTA-HIGH ANGLE 

CLP3LO:EXP 
EXP 
EXP 

CLP3HI:EXP 
EXP 
EXP 
EXP 

; LOW ANGLE HAP ALFPP3 -30 TO 30,DELTA-5 
-1.00.      -1.00. -0.93. -0.73. 
-0.28.      -0.06. 0.16. 0.36. 
0.82,       0.89. 0.69 

; HIGH ANGLE HAP ALFPP3 -90 TO 90.DELTA-10 
-0.0.       -0.12.      -0.28.      -0.46, 
-o.ee.    -l.oo.    -0.93.    -0.5. 
0.36.       0.62.       0.69,       0.8, 
C.48.       0.32.       0.17.       0.0 

;•• BLACK HAWK VERTICAL STABILIZER DRAG COEFFICIENT VS ALFPP3 

-0 5 
0 61 

-0 65 
-0 06 

0 63 

CDP3MP::UVRUVRII 
ALFPP3II 
CDP3II 
CDP3LO 

EXP  -30.0.30 
CDP3H1 

EXP  -90.0.90 

0,5.0 

0.10.0 

.MAP ARGUMENT:LOOK UP ROUTINE 
jINP'IT VARIABLE 
OUTPUT VARIABLE 
LOW ANGLE MAP NAME 
LOWER LIMIT.UPPER LI MIT.DELTA-LOW ANGLE 
HIGH ANGLE HAP NAME 
;LOWER LIHIT,UPPER LIHIT.DELTA-HIGH ANGLE 
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TABLE A-l. ÜH-60A SPECIFIC FILE (Cont'd) 

; LOU ANCLE HAP ALFPP3 -30 TO 30,DELTA-5 
CÜP3LO: EXP 0.36,       0.265, 0.174, 0.118,      0.066 

EXP 0.033,      0.018, 0.021, 0.044,       0.092 
EXP 0.162,     0.248, 0.355 

; HIGH ANGLE HAP ALPPP3 -90 TO 90.DELTA-10 
CDP3HI: EXP     1.1. 1.025,      0.965,     0.875,      0.745 

EXP     0.575, 0.36,      0.174,     0.C66,      0.018 
EXP     0.044, 0.162,      0.355,     0.58,       -0.75 
EXP     0.875, 0.965,      1.02,      1.08 

;•* BLACK BANK VERTICAL STABILIZE« HOHENT #C/4 VS ALFPP3(ABS) 
CHP3HP::UVRUVR|| jHAP ARGUMENT:LOOK UP ROUTINE 

ALTPP3II ;INPUT VARIABLE 
CMP31« ;OUTPUT VARIABLE 
CHP3LO ;LOM ANGLE HAP NAHE 

EXP  -30.0,30.0,5.0 ;LOWER LIHIT,UPPER LIHIT,DELTA-LOW ANGLE 
CHP3HI ;HIGB ANGLE HAP NAHE 

EXP  -90.0,90.0,30.0 ;LOWER LIHIT,UPPER LIHIT,DELTA-HIGH ANGLE 

; LOW ANGLE HA* ALPPP3 -30 TO 30, DELTA-5 
CHP3LO: EXP -0.051,     -0.051,     -0.051,    -0.051,     -0.051 

EXP -0.051,     -0.051,    -0.051,    -0.051,     -0.051 
EXP -0.051,     -0.051,     -0.051 

I HIGH ANGLE HAP ALPPP3 -90 TO 90. DELTA-30 
CHP3HI: EXP    -0.051,     -0.051.     -0.051,    -0.051,     -0.051 

EXP    -0.051,     -0.051 

ROTOR INTERFERENCE ON THE VERTICAL TAIL (HRPA) 

1 •• ROTOR EKX-FACTOR ON VERTICAL TAIL HAP •• 
EXP3HP::CONST!• »HAP ARGUHENT:LOOK UP ROUTINE 

EKXP1II iINPUT VARIBLE 
EKXP3M ;OUTPUT VARIBLE 

i   •• ROTOR EKZ-FACTOR ON VERTICAL TAIL HAP •• 
EZP3HP::CONST40 ;HAP ARGUMENT:LOOK UP ROUTINE 

EKZP1II ;1NI-UT VARIBLE 
EKZP3M lOUTPUT VARIBLE 

FUSELAGE INTERFERENCE ON THE VERTICAL TAIL (WFFA) 

;•• BLACK HAWK DYNAMIC PRESSURE RATIO AT VERTICAL TAIL VS PSIMf 
QP3HP:: BIVM iHAP ARGUMENT: LOOK UP ROUTINE 

EXP  PSABWFM.ALFWPM   »INPUT VARIABLE II, INPUT VARIABLE 12 
QF3QWMI {OUTPUT VARIABLE 
QF3LO ;LOW tJHGll   MAP NAHZ 

EXP  0.0,30.0.5.0,7     ;LOWEK LIN.UPPER LIM.DELTA,IITEMSICCT»-PSABWF 
EXP  -10.0.10.3.10.0    iLOWEK LIM,UPPER LIM,DELTA-ALFWF 

j LOW ANGLE MAP PSI(ABS) 0 TO 30 DELTA-5 
;ALFWF- -10 DEC 

QPJLO:  EXP      0.62.       0.©4.       0.66.       0.72.       0.79 
EXP      0.18.       1.00 

;ALrMF- 0 DEC 
EXP      0.62.       0.64.       0.64.       0.72,       0.79 
EXP      0.96.       1.00 

»ALFWP- 10 DEC 
EXP     0.62.       0.64.      0.46.      0.72.      0.79 
EXP      0.88,       1.00 
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TABLE A-l.  ÜH-60A SPECIFIC FILE (Cont'd) 

;•• BLACK HAWK SXDEWASH ON VERTICAL TAIL VS PSIWR DUE TO BODY 
SGP3HP:.-UVSUVSM 

PSIWPU 
SIGP3M 
SCP3LO 

EXP  0.0,30.0,5.0 
SGP3HI 

EXP  0.0,90.0,30.0 

;HAP ARGUMENT:LOOK UP ROUTINE 
fINPUT VARIABLE 
;OUTPUT VARIABLE 
;LOW   ANGLE   FLAP   NAME 
;LOWER LIMIT, UPPER LIMIT, DELTA-LOW ANGLE 
;HIGH ANGLE KAP NAME 
;LOWER LIMIT, UPPER LIMIT, DELTA-HIGH ANGLE 

; LOW ANGLE HAP PSIWr 0 TO 30 DELTA-5 
SGP3LO: EXP      0.0,       -0.4,       -0.6, 

EXP      0.6,        0.2 
0.8, 

; HIGH ANGLE HAP PSIWP 0 TO 90 DELTA-30 
SGP3HI: EXP     0.0,       0.2,       0.0,       0.0 

PAGE 

INPUT PARMETERS TOR TAIL ROTOR (IA) - (BAILEY) 

RTR: : 
OMEGTR: 
BTR: 
PSTR 
WLTR 
BLTR 
TWSTTR: 
BIASTR: 
GAMTR:: 
DEL3TR: 
DELTTR: 
CHRDTR: 
ATR: : 
BTLTR 
CDTR: 
I BTR: 
DRD0TR 
DRD1TR 
DRD2TR 
DROTTR 

5.5 
124.62 
4.0 
732.0 
324.7 
-14.0 
-18.0 

; 6.0 
70.0 
;35.0 
;.001455 
: .81 
5.73 
.92 
0.0 
0996 
:0.0087 
-0.0216 
0.4 
-1.0 

;RADIUS,PT 
;TRIH ROTATIONAL RATE, RAD/SEC 
;ACTUAL NUMBER Or BLADES 
FUSELAGE STATION, IN 
WATERLINE STATION,IN 
BUTTLINE STATION,IN {*IVE TO PORT) 
BLADE TWIST,DATUM CENTER OP ROTATION.PEG 
;BLADE PITCB CORRECTION PO*. N.L.TWIST1NEG REDUCES PITCP 
TAIL SOTCR CANT ANGLE.D»; 
FLAPPING HINGE OPPSET :.NGLE,DEG 
RATE Or CHANGE OP COT« ANGLE WITH THRUST,DEG/LB 
BLADE CHORD.PT 
BLADE LIPT CURVE SLOPE,1/RAD 
BLADE TIP LOSS FACTOR 
TAIL ROTOR HEAD DRAGPT*«2 
T.R.BLADE SECCND MOMENT SLUCS-FT««2 
T.R. BLADE SECTION DRAG COErr.CDO 
T.R. BLADE SECTION DRAG COE7F.CD1 
T.R. BLADE SECTION DRAG COErr,CD2 
T.R. ROTATION •1.0 MEANS COUNTER CLOCKWISE 

WHEN VIEWED PRCR PORT SIDE 

RCTOR INTERFERNCE ON TAIL ROTOR (MRPA1 

EXTRMP::CONSTM 
BRXP3II 
EKX7RM 

EtTRHP::CONSTI4 
ERZP)M 
EF.ZTRM 

;•• ROTOR X-FACTOR ON TAIL ROTOR MAP •• 
jRAP ARGUMENT:LOOK UP ROUTINE 
;INPUT VARIABLE 
;OUTPUT VARIABLE 

;•• ROTOR l-KACTOR ON TAIL ROTOR MAP •• 
,HAP ARGUMENT:LOOK UP ROUTINE 
;INPUT VARIABLE 
«OUTPUT VARIABLE 

FUSELAGE INTERFERENCE ON THE TAIL ROTOR iWfPA! 

OTRMF CONST!• 
QP30WJ 
OTRCWfH 

EPTRMP::CONST!• 
EPSP1II 
EPSTRII 

;•• TAIL ROTOR DYNAMIT PRESSURE RATIO MAP •• 
;MAP ARGUMENT:LOO* UP ROUTINE 
;INPUT VARIABLE 
;OUTPUT VARIABLE 

;•• BODY DOWNWASH ON TAIL ROTOR MAF •• 
;HAP ARGUMENT-LOOK UP ROUTINE 
;INPUT VARIABLE 
;OUTPUT VARIABLE 
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TABLE A-l. T3H-60A SPECIFIC FILE (Cont'd) 

SGTRHP::CONST! • 
SIGP3M 
SIGTRM 

VBVTTR::30.0 
KBVTTR::0.796 

FSCG: 355.9 
WLCG: 248.2 
BLCG: :  0.0 

WEIGHT::1663«.0 
IX:: 4659.0 
IY:: 38512.0 
12:: 36796.0 
1X2: : 1882.0 
IXY: : 0.0 
IY2: : 0.0 

A1SUL 8.0  ; 
A1SLL : -8.0  ; 
B1SUL : 16.3  ; 
B1SLL :-12.5  ; 
THOUL : 25.9  ; 
THOLL :  9.9  j 
TKRUL : 36.5 i 
THRLL :  4.5  ; 

XAUL: 10.0  ; 
XALL: 0.0  s 
XBUL: 10.0  ; 
XBLL: 0.0  ; 
XCUL: 10.C  ; 
XCLL: 0. 
XPUL: 5.J8 ; 
XPLL: CO  ; 

;••  BODY SIDEWASH ON TAIL ROTOR KAP 
;HAP ARGUMENT:LOOK UP ROUTINE 
;INPUT VARIABLE 
jOUTPUT VARIABLE 

VERTICAL TAXt INTERFERNCE ON TAIL ROTOR INFLOW 

; AIRSPEED BREAK PT. - NO BLOCKAGE ASOVE.KT. 
; TAIL ROTOR BLOCKAGE COEF. AT HOVER 

INPUT PARAMETERS FOR EQUATIONS OF NOTION (IB) 

FUSELAGE STATION,OF C.CINCH 
WATERLINE STATION OF C.CINCH 
BUTTLINE STATION OF C.CINCH (*IVE TO PORT) 

AIRCRAFT GROSS WEIGHT,LBS. 
INERTIA ABOUT BODY X-AXIS,SLUG-FT*•2 
INERTIA ABOUT BODY Y-AXIS,SLUG-FT**2 
INERTIA ABOUT BODY Z-AXIS,SLUG-FT««2 
CROSS COUPLING INERTIA,SLUG-FT*«2 

A1S UPPER LIMIT 
A13 LOWER LIMIT 
BIS UPPER LIMIT 
BIS LOWER LIMIT 
THETA0 UPPER LIMIT 
THETA0 LOWER LIMIT 
THETTR UPPER LIMIT 
THETTR LOWER LIMIT 

LAT STICK UPPER LIMIT 
LAT STICK LOWER LIMIT 
LONG STCK UPPER LIMIT 
LONG STCK LOWER LIMIT 
COLL STCK U?PER LIMIT 
COLL STCK LOWER LIMIT 
PEDAL UPPER LX*UT 
PEDAL LOWER LIMIT 
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Figur« A-2.     UH-60A K*in Rotor Blsd« Twist HAD 
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Figur« A-3.     UU-60A Fuselage  Uft Hap 
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Figur« A-4.     UU-6QA Ttiasltg« Drag Hep 
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Figure A-5.     DH-60A Fuselage  Pitching Hoasnt Hap 
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Figur« A-6.     TJH-60A Fuaal«ge Delta Lift Map 
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lbO 



8 

'•100.00      -»0.00 -«0.00 -20.00        O.OC 
PSlMF 

20.00 «O.OC 10.00 10.00 IOC.00 

Figur« A-11.  ÜH-60A Füg«lag« Tcving Moment  Map 

161 



Figur» A-12.     DH-6QA HAIO Eotor Dovnvmsh oo rUMUp **P  (x-durctloo) 
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Figur« A-13.  UH 60* Main Rotor Dovavaah on Fusel*-» Map (z-direction) 
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Figur« A-14.  ÜH-40A Horizontal Stablllxor Lift Map 
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Figur» A-16.     UH-60A Horizont«!  5tablllx«r Mo—nt »Up 
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Figur« A-19.     ÜH-6QA Fu*«l*f« Dt nnvaah on Horizontal Stabilizer Map 
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Figur« A-20.     ÜH 60A Dynamic  PT«a«ur« SJitio *t Horizont«! Stabilizer lUp 

170 



Figur« A-21.  UH-60A Vertical Stabiliser Uft Hap 
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Figur« A-22.     DH-60A Vertical  SUblllzcr  Drag   Map 
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APPENDIX fi 

S-76A BflfigL DATA 

The S-76A (Flguza 8-1) is a aiddla-waight commercial transport hallcoptar. 
The airframe makes axtsnslva usa of cciposltes and is extremely claan aero- 
dynaaically. Tha bailc daslgn gross weight is 10,OOC pounds and a 44-foot- 
dleaet«r main rotor is employed. Two Allison T250-C30 turboshaft anginas with 
a rating of 650 ahp aach powar tha S-76A. Approximately 300 S-76s hava baan 
sold. Host of thaaa hava baan for commercial us«, but military variants ara 
also avaliabla. 

Tha S-76 main rotor is a four-bladed unit utilizing SC1095 airfoils. Tha 
rotor is of conventional articulated daslgn with coincident flap and lag 
hinges. Hinge offset Is 3.79 percent. Tha 8-toot-diameter tall rotor has 
four blades and Is of a bearingless declgn siallar to that of the BLACK HAWK. 
U*Uka the BLACK HAWK, the tall rotor is not canted and a fixed horizontal 
stabilizer of 18.5 square feet is mounted at the baaa of tha vertical fin. 
The tall rotor also employs SCX095 alrfoila while tha horizontal stabilizer 
u«e« an Inverted 4412 section. 

A S-76A CenHel simulation waa already oparatlonal at Sikorsky and haa been 
extensively validated against flight test data All of tha numerical data 
used to model the S-76A are provided In this appendix. Tha first section Is a 
listing of all the Input data (Table 8-1). Tha second section Includes plots 
of the map data for fuselage, vertical tail and 1 .izontal tall aerodynamics 
along with plots of the rotor Interference and fuselage Interference data 
(Figures 8-2 through B-25). The tabular data ara provided with appropriate 
labels. Hap data are Identified with CenHel variable naaea provided in the 
List of Symbols. 

For the S-76A model, the panel allocation waa aa follows: 

1. Right horizontal tall 
2. Left horizontal tall 
3. Vertical tail 

17* 



TABLE B-l.     S-76A SPECIFIC FILE 

,•••••• INPUT PARAMETERS POR HAIN R   R  MODULES («A.) 

FSMR:: 
WLHR:: 
BLHR:: 
RHR: : 
ORGTHR: 
BMR: : 
ISKR:: 
ILr.R: : 
DE.SHR: 
D*L3RR: 
KAP1HR: 
RAF2HR: 
CHDTHR: 
CHDRHR: 
OFSTHR: 
SPRLHR: 
WTBDHR: 
IBHR:: 
HBHR:: 
I RHR:: 
BTLHR:: 
DCDHR:: 
NBSMR:; 
NSSHR:: 

20C.0 
157.0 
0.0 
22.0 
30.6818 
4.0 
-5.0 
0.0 
-25.0 
16.7 
-0.05 
:-0.005 
;1.2917 
:1.2917 
.833 
3.53 
;125.15 
«59.0 
32.5 
164.0 
.97 
.002 
4 
S 

PUSELAGE STATION.INCHES 
WATERLINE STATION,INCHES 
BUTTLINE STATION, INCHES UIVE TO PORT) 
RADIUS,PT. 
TRIM ROTATIONAL SPEED.RAD/SEC 
ACTUAL NUMBER OP BLADES 
LONGITUDINAL SHAPT TILT,(POS.BACKWARDS),DEG 
LATERAL SHAPT TILT,(POS.STAKBOARD).DEC 
SWASHPLATE PHASE ANGLE,DEG 
FLAPPING HINGE GPPSET ANGLE,DEG. 
LAGGING HINGE OPPSET COEP.(PUNC(LG)) 
LAGGING HINGE OFrSET COEF.(FUNC(LG**2)) 
BLADE CHORD AT TIP,FT. 
BLADE CHORD AT ROOT,FT. 
HINGE OFFSET,FT. 
HINGE TO START OF BLADE,PT. 
WEIGHT O? ONE BLADE.LBS. 
BLADE HOHENT OF INERTIA ABOUT HINGE,SLUG-PT**J 
BLADE HASS HOHENT ABOUT HINGE,SLUG-FT*•2 
WrU POLAR HOHENT OP INERTIA (LESS BLADES) »SLUG- FT* • 2 
BLAßE TIP CUT OFF RATIO 
DF.-TA DRAG COEF. FOR EACH SEGMENT 
NUMBER OF BLADES SIMULATED,FIX POINT 

; NUMBER OP SEGMENTS SIMULATED,FIX POINT 

TWHRHP 

EXP 

TWKRLO. 

lUVtM 
XSEGHRM 
TWSTHRM 
TWMRLO 
0.0,1.0..05 

EX- 
EXP 
EXP 
EXP 
EXP 

o.o, 
2.5. 
.6, 
-2.0 
-4.5 

; •• RAIN ROTOR NON LINEAR TWIST HAP 
I HAP LOOK UP NAME 
; INPUT VARIABLE NAME 
; OUTPUT VARIABLE NAME 
; HAP NAME 
; LOWER LIHIT.UPPER LIMIT.DELTA 

0.0. 
2.6. 
.1. 
-2.4. 

0.0, 
2.1. 
-.4. 
-3.0, 

0.0, 
1.6. 
-.9. 
-3.5. 

1.0 
1.1 
-1.4 
-4.0 

RAIN ROTOR DOWNWASH SUBHODULE it-A) 

ECTHR 
XCMMR 
RSLHR 
TDW0HR 
TDWCMR 
TDWSHR 

1.0 
0.0 
0.0 
.010)1 
0.0 
0.0 

; THRUST GAIN POR UNIFORM DOWNWASH 
; PITCH.MOM.GAIN rOR DOWNWASH SIN.HARMONIC 
J ROLL ROM.GAIN POR DOWNWASH COS. HARMONIC 
J .IME CONST.POR UNIfORM DOWNWASH FILTER,SEC 
I TIME CONST.FOR DOWNWASH SIN.HARMON.fILTER.SEC 
I TIME CONST.FOR DOWNWASH COS.HARMON.fILTER.SEC 

FLAPPING/LAGGING DAMPER (IC) 

KBRMP: 
KBR.MR 

0.0 
CO 

I FLAPPING HINGE SPRING CONST.FT-LBS/RAD 
; FLAPPING HINGE DAMPER CONST. FT-LBS-SEC/RAD 

••SET Of MOUNTING DIMENSIONS POR LAG DAMPER.INCHES' 
ALDMR 
BLDMR 
CLDMR 
DLDMR 
RLDHR 
LGCDMR 
THLDMR 

0.0 
0.0 
15.6 
6.64 
5.0 
-7.5 
2.0 

; ALIGNMENT OPPSET IN RELATION TO LAG.DEG 
; fIXED BLADE PITCH RELATIONSHIP BET. ARM AND THCUFF 
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TABU 1-1.    S-76A SPECIFIC FILE (Cont'd) 

LDHRHP::UVRSY*I 
LD.HR«t<16) 
FLD.HRM(A16) 
L.RRLO 

EXP  0.0.2.0..05 

L.HRLO: EXP 
EXP 
EXP 
EXP 
EXP 
EXP 
EXP 
EXP 

| "LAG DAHPEk FORCE VS DAMPER AM RATE •• 
$ HAP LOOK UP MARE 
j   INPUT VARIABLE NAHE 
; OUTPUT VARIABLE NAHE 
I HAP NAHE 
I LONER LIMIT,UPPER LIRIT.DELTA 

0.0. 
145.0, 
735.0, 

1345.0, 
1450.0, 
1466.6, 
1477.6, 
I486.6. 
1499.6 

15,0, 
215.0, 
905.0. 

1385.0, 
1455.0. 
1468.8. 
1479.8. 
1490.f. 

35.0, 
315.0. 

1055.0, 
1410.0, 
1460.0. 
1471.0. 
1482.0. 
1493.6, 

60.0, 
435.0, 

1180.0. 
1425.0, 
1462.2, 
1473.2, 
1464.2, 
1495.2, 

100.0 
580.0 

1290.0 
1440.0 
1464.4 
1475.4 
1486.4 
1497.4 

rSWF:: 
NLNp:: 
BLWr:: 
INf:: 

INPUT PARATSTERS FOR FUSELAGE/WING (IA) •••••• 
HOfNTING POINT FOR HODEL IN KIND TUNNEL 
20«.0 | FUSELAGE STATION,IN. 
90.0 ; NATERLINE STATION,IN. 
0.0 { SUTTLINE STATION,IN. (*IVE TO PORT) 
0.0 ; NINO INCIDENCE.DEC. 

LQFHP:: UVRUVRtt 
ALPMFII 
LQFM 
LQPLO 

EXP   -20.0.20.0.2.0 
LQPHI 

EXP -100.0,100.0,20.0 

!•• FUSELAGE LIFT (TAIL-OFF) VS ALFNF HAP •• 
;HAP ARCUHENT:LOOK UP ROUTINE 
;INPUT VARIABLE 
{OUTPUT VARIABLE 
{PRIRARY 'BASIC) HAP NAHE 
{LOWER LIHIT,UPPER LIHIT,DELTA - PRIRARY HAP 
{SECONDARY (HIGH ANGLE) HAP NAHE 
{LOWER LIHIT.UPPER LIHIT.DELTA - RIG! A.4CLE HAP 

LQfLC: EXP 
EXP 
EXP 
EXP 

LOW ANGLE HA}:ALFWF -20 TO 20, DELTA • 
-12.5. 
-4.7, 
0.4. 
19. 
6.8 

-11.7. 
-3.2. 
0.7. 
2.3. 

-10.1. 
-2.0. 
1.1. 
2.8. 

-6.1. 
-0.6, 
1.4. 
3.8. 

-6.3 
-0.1 
1.7 
5.2 

) RICH ANGLE HAP:ALFWP -100 TO 100. DELTA • 20 
LOFHX:  EXP       1.0.      -1.0.      -4.9.     -10.1,     -12.5 

EXP      0.4.      6.8,      7.0.      3.5.      1.0 
-1.0 

DQFHP:: UVRUVRtS 
ALFWFM 
DOM I 
DQFLC 

EXP    -20.0.20.0.2.0 
DQFRI 

EXP -100.C.100.0.20.0 

{•• FUSELAGE DRAG (TAIL-OFF) VI ALFWF HAP •• 
{RAP ARCUHENT:LOOK UP ROUTINE 
{INPUT VARIABLE 
{OUTPUT VARIABLE 
{PRIRARY (BASIC) RAP HARE 
{LOWER LIRIT.UPPER LIRIT.DELTA - PRIRARY RAP 
{SECONDARY (HIGH ANGLE) RAP NAHE 
{LOWER LIHIT.UPPER LIRIT.DELTA - HIGH ANGLE RAP 

{ LOW ANGLE HAP:ALFWP -20 TO 20. DELTA • 2 
DQPLO:  EXP       12.5. 11.2.      10.2, 9.4.       9.0 

EXP       6.6. 6.5,      6.4. 6.3.      8.3 
EXP       6.4. 8.5.       8.65. i.e.       9.0 
EXP       9.3. 9.6.      9.9. 10.2.      10.5 

10.9 

{ RICH ANCLE RAP. ALPHA FROR -100 DEC TO 100 DEC. DEL-Z0 
D^FMI:  EXP      16«.0. 174.0.     114.0. 46.0.      12.5 

EXP        6.4. 10.9.      4J.0. 115.0.     171.0 
167.0 
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HQPHP:: UVRUVRtl 
. ALFWFII 
HQFM 
HQFLO 

EXP   -20.0,20.0,2.0 
HQFHI 

EXP -100.0,100.0,20.0 

TAB12 1.1. S-76A SPECIFIC FILE (Cont'd) 
.•••FUSELAGE PITCH HOH (TAIL-OFIF) VS ALPWF HAP«* 
;MAP ARGUMENT:LOOK UP ROUTINE 
.•INPUT VARIABLE 
•OUTPUT VARIABLE 
;PRIMARY (BASIC) HAP NAHE 
fLOWER LIHIT,UPPER LIHIT,DELTA - PRIMARY HAP 
/SECONDARY (HIGH ANGLE) HAP NAHE 
;LOWER LIHIT,UPPER LIMIT,DELTA - HIGH ANGLE HAP 

; PRIHARY HAP, ALPHA FROM -20 DEG TO 20 DEG, DELTA • 2 
HQFLO:  EX»    -365.0,    -357.0,    -345.0,    -330.0,    -310.0 

EXP    -287.0,    -260.0,    -232.5,    -195.0,    -157.5 
EXP    -120.0,    -82.5,    -45.0,     -7.5,      30.0 
EXP      67.5,     105.0,     140.0,     173.0,     200.0 

225.0 

; HIGH ANGLE HAP, ALPHA FROH -100 DEG TO 100 DEG, DKL-20 
HQFHI:  EXP      18.0,    -18.0,    -142.0,    -296.0,   -365.0 

EXP     -120.0,    225.0,     183.0,     87.0,     11.0 
-11.0 

DLQFMP: :BIVM 
EXP PSIWfM.ALFWFtl 

DLOFM 
DLQFLO 

EXP -20.0,20.0,2.0,25 
EXP -10.0,10.0,10.0 

;••FUSELAGE DELTA LIFT (TAIL-OFF) VS PSIWF HAP«* 
;HAP ARGUMENT:LOOK UP ROUTINE 
;INPUT VARIADLE il,INPUT VARIABLE 12 
;OUTPUT VARIABLE 
;PRIHARY   (BASIC)   HAP  NAHE 
;LOW  LIK.UP   LIM,DELTA,IENTRIES(OCTAL)   PSIWF 
;LOW  Lin,UP   LIM,DELTA    ALFWt 

DLQFLO: EXP 
EXP 
EXP 
EXP 

{PRIMARY  HAP     PSIWF  -20  TO  20  DEG  FOR ALFWF -10,0,10  DEG 
;   ALFW»  - 
-14.04, 
-4.81. 
0.0. 

-4.81, 
-14.04 

-10   DEG 
-12.87, 
-3.12, 
-0.13, 
-6.76, 

•11.18, 
-1.82, 
-0.78, 
-8.84, 

-9.84, 
-0.78, 
-1.82, 

-11.18, 

-6.76 
-0.13 
-3.12 
-12.67 

EXP 
EXP 
E.-.P 
EXP 

ALFWF 
•5.4. 
•1.85, 
0.0. 

•1.85. 
•5.4 

-   0 DEG 
-4.95, 
-1.2, 
-0.05, 
-2.6, 

-4.3, 
-0.7, 
-0.3, 
-3.4, 

3.4. 
• 0.3, 
•0.7, 
4.3, 

-2.6 
-0.05 
-1.2 
-4.95 

EXP 
EXP 
EXP 
EXP 

LFWF 
•7.02, 
•2.405, 
0.0, 

•2.405. 
•7.02 

10   DEG 
-6.35. 
-1.56 
-0.065. 
-3.38. 

-5.59, 
-0.91, 
-0.39, 
-4.42. 

4.42. 
•0.39, 
•0.91, 
5.59, 

-3   38 
-0.065 
-1.56 
-6.435 

DDQFHP::UVRUVRII 
PSIW'll 
DDQTM 
DDQFLO 

EXP -20.0,70.0,2.0 
DDQFHI 

EXP     -100.0.100.0,20.0 

;••   FUSELAGE   DELTA  DRAG  VS   PSIWF  RAP   •• 
HAP  ARGUMENT: ».OOR   UP  ROUTINE 
INPUT   VARIABLE 
OUTPUT  VARIABLE 
PRIHARY   (BASIC)   MAP   NAME 

;LOWER  LIHIT,   UPPER  LIMIT,   DELTA  -   PRIMARY  MAP 
;SECONDARY   (HIGH  ANGLE)   HAP  NAHE 
;LOW.   LIMIT.   UP.   LIHIT,   DELTA  -   HIGH  ANGLE  MAP 

DDOFLO: EXP 
EXP 
EXP 
EXP 

DDOFHI: 

;PRIHARY HAP - PSIWF FROH -20 TO 20 DEGREES. DELTA • 2 
18.6.      14.6. 11.5. 8.8.      6.5 
4.5.      3.0. 1.9. 1.0.       0.5 
0.0,      O.S. 1.0. 1.9.       1.0 
4.5,      6.5. 8.1. 11.5, 14.8   16.6 

; BIG« ANGLE HAP: 
EXP 169.0. 
EXP 0.0, 
169.0 

FSI -100 TO 100 DEGREES. DELTA • 20 
163.0.     123.0.     62.0. 16.8 
16.6,     62.0.     123.0. 163.0 
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TABLE B-l.    S-76A SPECIFIC FILE (Cont'd) 
>•• PUS. DELTA PITCB HOHENT VS PSIwr HAP •* 

DHQFHP::BIVBIVtl /HAP ARGUMENT:LOOK UP ROUTINE 
EXP PSIWFM.ALFWFII ; INPUT VARIABLE «1, INPUT VARIABLE 12 

;OUTPUT VARIABLE 
/PRIHARY (BASIC) HAP NAME 
/LOW. LIM., UP. LIM., DELTA, * ITENS(OCTAL),PSI 
/LOW, LIM., UP. LIH., DELTA, ALFWP 
/SECONDARY (HIGH ANGLE) HAP NAME 

EXP -100.0,100.0,20.0,13;LOW. LIH., UP. LIH., DELTA, • ITCHS(OCTAL),PSI 
EXP  -10.0,10.0,10.0    /LOW. LIH., UP. LIH., DELTA, ALFWF 

EXP 
EXP 

DHOTI • 
DHQFLO 

-20.0,20.0,2.0,25 
-10.0-10.0,10.0 

DHQPttI 

DHQFLO: EXP 
EXP 
EXP 
EXP 

/PRIMARY MAP - PSIWP -20 TO 20 DKG FOR ALFWF -10,0,10 
/ALPWr - 
180.4, 
61.59, 
0.0, 

61.59, 
180.4 

-10 DEG 
165.0, 
39.6, 
4.4, 

•8.0, 

145.2, 
24.2, 
12.1, 

115.5, 

115.5, 
12.1, 
24,2, 

145.2, 

68.0 
4.4 

39.6 
165.0 

/ALFWF - 0 DEG 
EXP     82.0. 75.0, 66.0, 
EXP     28.0, 16.0, 11.0, 
EXP      0.0, 2.0, 5.5, 
EXP     28.0, 40.0, 52.5, 

82.0 

52.5. 
5.5, 

11.0. 
66.0, 

40.0 
2.0 

18.0 
75.0 

EXP 
EXP 
EXP 
EXP 

DHQFHI:   EXP 
EXP 

EXP 
EXP 

EXP 
EXP 

;ALFWF 
57.4. 
19.6. 
0.0, 

19.6, 
57.4 

•10  DEG 
52.5, 
12.6, 
1.4. 

28.0, 

»HIGH ANGLE  HAP 
;ALPWF - -10  DEG 
-9.0. 9.0, 
0.0. 180.4, 

-9.0 

; ALntr -     0   DEG 
-4.0. 4.0, 
0.0, 82.0, 

-4.0 

;ALrwr -10   DEG 
-3.0. 3.0. 
0.0. 57.4, 

-3.0 

46.2, 
7.7, 
3.84. 

36.75, 

36.75, 
3.84, 
7.7. 

4f-2, 

28.0 
1.4 

12.6 
52.5 

PSIWP -100  TO 100 DEG  FOR ALP  -10,'», 10 

70.0, 
146.0. ' 

146.0. 
74J.Q. 

180.4 
9.0 

32.0. 
67.0. 

67.0, 
32.0. 

82.0 
4.0 

22.0. 
47.0. 

47.0. 
22.0. 

57.4 
3.0 

;••   FUSELAGE   SIDEPORCE VS  PSIWP  HAP   •• 
;HAP ARGUMENT:LOOK  UP ROUTINE 
•INPUT  VARIABLE   tl,   INPUT VARIABLE   12 
{OUTPUT VARIABLE 
;PRIMARY   (BASIC)   HAP HARE 
;LOW.   LIH.,   UP.   LIH.,   DELTA.   •   ITEHS(OCTAL)   PSI 
;LOW.   LIH..   UP.   LIH..   DELTA   .   ALFWF 
/SECONDARY   (BIGB  ANGLE)   HAP  NAME 

EXP  -100.0,100.0.20.0.13JLOW.   LIN..   UP.   LIH..   DELTA.   •   ITEHS(OCTAL)   PSI 
EXP  -10.0.10.0,10.0 /LOW.   LIH.,   UP.   LIH.,   DELTA,   ALFWF 

YQFRP::   BIVBIVM 
EXP PSIWPH.ALFWril 

YQPM 
YorLo 

EXP  -20.0,20.0.2.0.25 
EXP  -10.0,10.0.10.0 

YOPHI 

YQFLO: 

/LOW ANGLE RAP/PPI  -20  TO 20 DEG.  ALP -10.   0,   10  DEG 
/ALFWF - -10.0 DEG 

EXP -44.0. -37.0. -31.0, -25.0. -20.0 
FXP -15.0. -10.5. -7.0. -4.0. -2.0 
EXP 0.0. 2.0, 4.0. 7.0. 10.5 
EXP 15.0. 

44.0 
20.0. 25.0. 31.0. 37.0 
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;ALPWF  • 0       DEC 
EXP -44.0, -37.5. -32.3, -27.5, -22.5 
EXP -18.5, -14.5, -10.5, -7.0, -3.5 
EXP 0.0, 3.5, 7.0, 10.5, 14.5 
EXP 18.5, 

44.0 

;ALFWr  - 

22.5, 

10.0  DE5 

27.5, 32.5. 37.5 

EXP -57.0, -51.G, -43.0. -39.0, -33.0 
EXP -27.5, -21.5, -16.0, -10.5, -5.5 
EXP 0.0, 5.5, 10.5, 16.0, 21.5 
EXP 27.S. 

57.0 
33.0, 39.0, 43.0, 51.0 

;   HIGH  ANGL7  HAP   PSI   -100  TO  100  DEC,   ALT  -10.0,10  DEG 
;ALrWF  -  -10   DEG 

YpTHI:      EXP -5.0, -70.0, -130.0, -100.0, -44.0 
EXP 0.0, 44.0, 100.0, 130.0, 70.0 

5.0 

EXr 
EX: 

.-ALrwr • 
-5.0. 
0.0, 
5.0 

0   DEG 
•70.0, -130.0, -100.0, -44.0 
44.0, 100.0. 130.0, 70.0 

EXP 
EXP 

;ALrwr 
-5.0, 
0.0, 
5.0 

10   DEG 
•70.0. -130.0. -100.0. -57.0 
57.0. 100.0, 130.0, 70.0 

RQTHP: 
EXP 

BIVBIVM 
;••   r'JSELAGE  ROLLING  HOHENT VS   PSIWP  HAP   •• 
;HAP  ARGUHENT:LOOK  UP  ROUTINE 

psiwrn.ALrwrii ;INPUT VARIABLE #I. INPUT VARIABLE 12 
Bon» 
RQrLO 

.•OUTPUT VARIABLE 

.•PRIHARY (BASIC) HAP NAHE 
-20.0,20.0,2.0.25 ;LOW LIHIT. UP LIHIT, DELTA, • ITEHS(OCTAL 
-10.0.10.0,10.0   ;LOW LIHIT, UP LIHIT. DELTA ALrwr 

RQrHI            ; SECONDARY (HIGH ANGLE) HAP NAr.E 
E<P-100." 100.0.20.0.13,-LOW LIHIT, UP LIHIT. DELTA. I ITEr.S tOCTAL: 
EXP  -IC. M0.0.1C.0   SLOW LIHIT, UP LIHIT, DELTA ALrwr 

EXP 
EXP 

PSI 

PSI 

LOW ANCLE HAP:PSIwr PBOK -20 TO 20 DEG rOR ALrwr-10.0.10 
>ALrwr - -10.0   DEG 

RQrLO: EXP -36.5. -30.0, -24.0, -19.5. -14.5 
EXP -10.0, -6.5. -4.0. 2.0, -0.5 
EXP o.e. 0.5, 2.0. 4.0. 6.5 
EXP 10.0. 

36.«. 

;ALrwr - 

1'.. 5 , 

'.0 r«c 

19.5. 24.0 30.0 

EXP -19.0. • .8.0. -16.5, -14.6, -13.0 
EXP -11.3. -9.0. -7.0. -5.0. -2.5 
EXP o.e. 2.5. 5.0, 7.0. 9.0 
EXP 11.3. 

19.C 

;ALrwr - 

13.0. 

10.0   DEG 

14.6, 16.5. 18.0 

EXP 22.5, 19.0, 15.8, 12.7. 10.0 
EXP 7.5. 5.2. *6. 2.0. 1.0 
EXP o.e. -1.0, -2.0. -36. -5.2 
EXP -7.5. 

-22.5 
-10.0. -12.7. -15.8. -19.0 

.HIGH   ANCLE HAp:PSiwr EROH   -100   TO 100  DEG.ALrw P  -10. 

.ALrwr —10 DEG 
RQrHI: EXP 400.0. 400.0. 300.0. -120.0. -36.5 

EXP 0.0. 
-400.0 

JC.5. 120.0. -300.0. -40C.0 
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EXP 
EXP 

TABUt B-l.    8-74A SPECIFIC PXLS (Cont'd) 
I ALPWP -     0 DEG 
400.0, 400.0, 300.0, 0.0, 

0.0, 
-400.0 

19.0, 

; ALPWP -10 DEG 
EXP     400.0, 400.0, 
EXP       0.0, -22.5, 

-400.0 

300.0, 
0.0, 

300.0, 
-60.0, 

-300.0, 

60.0, 
-300.0, 

-19.0 
-400.0 

22.5 
-400.0 

NQPHP:: BZVBZVII 
;*•   PUSELAGE YXWING HOHENT V5 PSIMP HAP •* 
JHAP  ARGUMENT:LOOK UP ROUTINE 

EXP PSIMP«I,ALPWP#« }INPUT VARIABLE II, INPUT VARIABLE #2 
;OUTPUT VARIABLE 
jPRIKARY (BASZC) HAP NAHE 
ILOW L1HZT, UP LXHZT, DELTA, I ITEH8(OCTAL) PSI 
I LOW LZHZT, UP LZHZT, DELTA ALPWP 
;SECONDARY (HIGH ANGLE) HAP NAHE 

EXP-100.0,100.0,20.0,13jLOW LZHZT, UP LZHZT, DELTA, t ZTEHS(OCTAL) PSZ 
EXP -10.0,10.0,10.0    ;LOW LZHZT, UP LZHZT, DELTA ALPWP 

NOP!« 
NQPLO 

EXP -20.0,20.0,2.0,2$ 
EXP -10.0,10.0,10.0 

NOTHX 

»LOW ANGLE HAP:P5ZWP -20 TO 20 DEC POR ALPWP - -10.0.10 

NQrLO: 
;ALPWF - -10 DEG 

EXP -80.0.. -117.0, -141.0. -155.0. -160.0 
EXP -156.0. -144.0, -122.0. -90.0, -48.0 
EXP 0.0, 48.0, 90.0. 122.0, 144.0 
EXP 156.0, 

60.0 

jALPWP - 

160.0, 

0 DEG 

155.0, 141.0, 117.0 

EXP -322.0, -145.0, -154.0, -153.0, -149.0 
EXP -136.0, -116.0, -90.0, -60.0, -31.0 
EXP 0.0, 31.0. 60.0, 90.0, 116.0 
EXP 136.0. 

122.0 

.'ALPWP • 

149.0. 

10 DEC 

153.0. 154.0, 145.0 

EXP -90.0. -69.0. -84.0, -76.0, -67.0 
EXP -57.0, -47.0, -36.0, -24.0, -12.0 
EXP 0.0, 12.0, 24.0, 36.0, 47.0 
EXP 57.0. 

90.0 
67.0, 76.0. 64.0. 69.0 

;HXGH  ANGLE  HAP:PSZWP  -100   TO   100   DEG  POR  ALPWP  -  -10.0,10 
;ALPWP  -  -10   DEG 

NQPHI:     EXP 1100.0, 600.0. 400.0. 300  0, -60.0 
EXP 0.0, 60.0, -300.0, -400.0. -600.0 

-1100.0 

EXP 
EXP 

; ALPWP - 
1100.0. 

0.0, 
-1100.0 

0 DEG 
600.0, 
122.0, 

400.0. 
•300.0. 

300.0. 
-400.0. 

-122.0 
-600.0 

EXP 
EXP 

{ALPWP  •     10  DEG 

1100.0. 
0.0. 

-1100.0 

600.0, 
90.0, 

400.0, 
0.0. 

0.0. 
-400.0. 

-90.0 
-600.3 

HOPPHP:   UVRM 
PSIWFM 
ROPPHPI 
ROPPLO 

EXP -20.0.20.0.2.0 

I ••   PUSELAGE   PITCHING  ROHENT8  VS   H.B.   THRUST 
I HAP  ARGUMENTS:   LOOK  UP  ROUTINE 
; INPUT  VARIABLE  NAHE 
I OUTPUT VARIABLE  NAHE 
I HARE  OP  RAP 
; LOWER LIHIT.UPPER LIRIT.DELTA 
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HQFPLO: EXP 
EXP 
EXP 
EXP 
EXP 

TABLE B-l.     S-76A SPECIFIC FILE (Cont'd) 

65.0, 
61.0, 
0.0, 

-49.0, 
-35.0 

f  •• PSIWT- -20.0 TO 20.0 IN 
65.0,    65.0,    65.0, 
56.0,    50.0,    31.0, 

-15.0,   -25.0,   -35.0, 
-51.0,    -50.0,   -45.0, 

DEC 1NCREHENTS 
63.0 
15.0 

-44.0 
-40.0 

ROTOR INTERFERENCE ON THE PUSLEACE (HRPA) 

EXWFHP: :UVRM 
CHIPHRM 
EKXWFM 
EXWFLO 

EXP -20.0,100.0,10.0 

•• ROTOR X-FACTOR ON FUSELAGE RAP *• 
MAP ARGUMENT:LOOK UP ROUTINE 
INPUT VARIABLE 
OUTPU*" VARIABLE 
;PRIRA.iY (BASIC) HAP NAHE 
jLOWER LIHIT, UPPER LIHIT, DELTA 

EXWFLO: EXP 
EXP 
EXP 

EZWFHP::UVR|# 
CHIPHRM 
EKZWFM 
EZWFLO 

•0.15, 
0.46, 
0.20, 

•0.04, 
0.60, 
•0.50, 

0.03, 
0.74, 

-0.55 

0.20, 
0.89, 

0.33 
1.00 

;*• ROTOR Z-FACTOR ON FUSELAGE HAP •• 
;HAP ARGUMENT:LOOK UP ROUTINE 
;INPUT VARIABLE 
;OUTPUT VARIABLE 
;PRIMARY (BASIC) HAP NAHE 

EXP -20.0,100.0,10.0   ;LOWER LIHIT, UPPER LIHIT, DELTA 

EZWFLO: EXP 
EXP 
EXP 

1.20, 
1.25, 
1.15, 

1.21, 
1.26, 
1.00, 

1.22, 
1.27, 
1.05 

1.23. 
1.28, 

1.24 
1.29 

INPUT PARAMETERS FOR PANEL II (RT HORIZONTAL 

FSP1 
WLP1 
BLP1 
SAP1 
CAHP1 
I0P1: 
CP1:: 

473.6 
100.8 
-25.0 
9.25 
0.0 
2.0 
1.0 

FUSELAGE STATION.INCH 
WATERLINE STATION.INCH 
BUTTLINE STATION,INCH (»IVE TO PORT) 
SURFACE AREA,FT*«2 
PANEL ORIENTATION,PEG 
PANEL INCIDENCE,DEC 
PANEL HEAN AERO CHORD,FT 

;•• HORIZONTAL STABILIZER (RT PANEL) LIFT VS ALFPP1 HAP •• 
CLP1HP::UVRUVRI# 

ALPPP1M 
CL716I 
CLP1LO 

EXP -24.0.24.0,2.0 
CLP1HZ 

EXP -90.0.90.0.15.0 

;HAP ARGUHEN?:LOOK UP ROUTINE 
;INPUT VARIABLE 
;OUTPUT VARIABLE 
;PRIHARY (BASIC) HAP NAHE 
;LOWER LIHIT. UPPER LIHIT.DELTA - LOW ANGLE HAP 
.SECONDARY (HIGH ANGLE) HAP NAHE 
,-LOWER LIMIT, UPPER LIHIT, DELTA - HI ANGLE RAP 

CLP1LO: EXP 
EXP 
EXP 
EXP 
EXP 

;LOW ANGLE HAP:ALFPP1 -24 TO 24 DEC, DELTA • 2 DEC 
0.76, 
1.13. 
0.57. 
0.17. 
0.51. 

0.90. -1.15 
1.07, -I.00 
0.42, -0.27 
0.30. 0.39 
0.46, ?.50 

1.19. -1.17 
0.66, -0.71 
0.12. 0.03 
0.4S, 0.49 
0.55. 0.60 

.-HIGH ANGLE RAP:ALFPP1 -90 TO 90 DEC. DELTA - 15 DEC 
CLP1HI: EXP        0.0. -0.35.     -0.70. -0.80, -0.75 

EXP       -0.775. -0.27,      0.45. 0.70. 0.60 
EXP        0.70. 0.35.      0.0 

;•• HORIZONTAL STABILIZER (RT PANEL) DRAG VS ALFPP1 RAP •• 
CDP1HP::UVRUVRII 

ALFPP1M 
CDP1H 
CDULO 

EXP -24.0.24.0.2.0 
CDP1HI 

.RAP ARGUHENT:LOOK UP ROUTINE 
;INPUT VARIABLZ 
jOUTPUT VARIABLE 
,-PRIRAlY (BASIC) RAP NAHE 
;LOWER LIHIT. UPPEE LIHIT. DELTA - LOW ANGLE RAP 
(SECONDARY (HIGH ANGLE) RAP NAME 
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CDP1L0: EXP 
EXP 
EXP 
EXP 
EXP 

CDP1RI: EXP 
EXP 
EXP 

TAILS B-l. S-76A SPECIFIC nil (Cont'd) 
I LOW ANGLE RAP:ALPPP1 -24 TO 24 DEC, DELTA - 2 DEC 

0.36,     0.35,     0.14,     0.12,     0.29 
0.21,     0.13,     0.01.     0.0«,     0.04S 
0.03,     0.02,     0.013,    0.009,    0.009 
0.012,    0.016,    0.022,    0.03,     0.065 
0.11,     0.15,     0.18,     0.22.     0.26 

jHIGH ANCLE HAP:ALFPP1 -90 TO 90 DEC, DELTA • 15 DEC 
1.20,     1.12,     0.91,     0.65.     0.41 
0.285.    0.013.    0.165.    0.31,     0.58 
0.69,     1.12,     1.20 

INPUT PARAMETER FOR ROTOR INTERFERENCE ON THE BOHZ.TAIL 11 (HRPA) 

!•• ROTOR X-FACTOR ON HORIZONTAL TAIL HAP •• 
EXPlHPsiBIVU SNAP ARGUMENT:LOOK UP ROUTINE 
EXP    CHIPHRM.AAlPHRtl |INPUT VARIABLE «1, INPUT VARIABLE 12 

EKXPltl -OUTPUT VARIABLE 
EXP1LO ' HAP NAHE 

EXP -20.0,100.0,10.0,15-LOW LIH, UP LIH, DELTA, IITEHS(OCTAL) CHI 
EXP -3.0,3.0,3.0       »LOWER LIMIT, UPPER LIHIT, DELTA - AA1FHR 

;CHIPHR -20 TO 100 DEC FOR AAlFHR -3,0,3 DEC 
;AA1FHR • -3 DEC 

EXP1LO: EXP       0.0.      0.0, -0.42.     0.05,     0.24 
EXP       0.42,     0.62, 0.84,     1.06,     1.34 
EXP       1.40,     0.09, 0.50 

EXP 
EXP 
rxp 

EXP 
EXP 
EXP 

;AAlFHR • 0 DEC 
0.0, 0.0, 
0.40. 0.60, 
1.50, -0.0S, 

»AAlFHR • 3 DEC 
0.0. 0.0. 
0.23, 0.4S, 
1.51, 0.16, 

•0.40. 
0.82. 
0.50 

0.45. 
0.67. 
0.50 

-0.19, 
1.07, 

-0.62, 
0.92, 

0.20 
1.34 

0.02 
1.19 

;•• ROTOR Z-FACTOR ON HORIZONTAL TAIL HAP •• 
EZP1HP::BXVII »HAP ARCUHENT:LOOK UP ROUTINE 
EXP    CHIPHRII,AA1FHR«I ;INPUT VARIABLE II, INPUT VARIAALE 12 

EKZP1H jOUTPUT VARIABLE 
EZP1LO ;PRIHARY (BASIC) RAP HARE 

EXP -20. 0,100.0,10. 0,l5jLOW LIH, UP LIH, DELTA. 4ITEHSI OCTAL) CHI 
EXP -3.0.3.0.3.0       ;LOWER LIHIT, UPPER LIHIT, DELTA - AA1PHR 

EZP1LO: EXP 
EXP 
EXP 

iCHPHR -20 TO 100 DEC FOR AAlFHR -3,0,3 DEC 
;AAlFHR • -3 DEC 
-O.äO,     -0.40.     -0.50.      1.76.      1.80 
1.83.      1.65.      1.87.      1.18.      1.69 
l.P.5.      1.47,     0.90 

EXP 
EXP 
EXP 

EXP 
EXP 
EXP 

IAAlFHR • 0 DEC 
-0.30. -0.40, 
1.66, 1.68, 
1.90, 1.60, 

jAAlFHR • 3 DEG 
-0.30. -0.30, 
1.91, 1.95. 
2.07. 1.74. 

-0.50. 
1.90, 
1.00 

•1.30, 
2.00. 
1.15 

1.15, 
1.92 

•1.40. 
2.03, 

1.63 
1.92 

1.62 
2.05 

FUSELAGE INTERFERNCE OK THE RORIZ.TAIL II (WPPA) 

QP1HP:: UVRM 
ALFWFII 
OPIQWPM 
OP1LO 

;•• HORIZONTAL TAIL DYNAMIC PRESSURE RATIO HAP" 
;RAP ARGUMENT:LOOS UP ROUTINE 
I INPUT VARIABLE 
IOUTPUT VARIABLE 
»PRIMARY (BASIC) HAP RAHX 
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TABLE B-l.  S-76A SPECIFIC FILE (Cont'd) 
EXP -20.0,20.0,4.0     ;LOWER LZHXT, UPPER LIMIT, DELTA 

»ALFWF -20 TO 20 DEG, DELTA - 4 DEC 
QP1LO:  EXP       1.00,       .96, .82, .74, 

EXP        .74,       .79, .79, .85, 
1.00 

.74 

.96 

EPPlHF::UVR|| 
AL runt 
EPSFlIt 
EPP1LO 

EXP -40.0,40.0,5.0 

;*« BODY DOWTWASH ON HORIZONTAL TAIL HAP •• 
;HAP ARGUMENT:LOOK Ur ROUTINE 
;INPUT VARIABLE 
IOUTPUT VARIABLE 
;PRIMARY (BASIC) MAP NAME 
;LOWER LIMIT, UPPER LIMIT, DELTA 

;LOW ANGLE HAP:ALrwr -40 TO 40 DEG, DELTA - 5 DEG 
EPP1LO: EXP       0.0,      1.0,      2.0,      3.0,      4.0 

EXP       1.6,      3.1,      2.6,      2.1,      1.55 
EXP      1.0,       0.5,      0.0,      0.0,      0.0 
EXP      0.0,       0.0 

SGP1MP::81VII 
EXP       PSIWFM.ALFWFM 

SIGPlll 
SGP1LO 

EXP -24.0,24.0,4.0,15 
EXP -10.0,10.0,10.0 

;•* BODY SIDEWASH ON HORIZONTAL TAIL MAP •• 
;MAP ARGUMENT:LOOK UP ROUTINE 
;INPUT VARIABLE 11. INPUT VARIABLE 12 
;OUTPUT VARIABLE 
;PRIMARY (BASIC) KAP NAME 
;LOW LIMIT, UP LIMIT, DELTA, •ITEMS(OCTAL),PSI 
;LCW LIMIT, UP LIMIT, DELTA, ALPWP 

SGP1LO: EXP 
EXP 
EXP 

;LOW ANGLE HAP:PSIWr -24 TO 24 DEG POR ALPWP -10,0,10 
;ALTWr - -10 DEG 

0.0,     -2.4.      -4.C     -3.6.      -2.4 
-1.2,      0.0.      1.2,      2.4,      3.6 
4.8,        2.4,       0.0 

EXP 
rsp 
EXP 

EXP 
EXP 
EXP 

;ALrwr - 0 DEG 
0.0, -1.5, 
•0.2, 0.Ö, 
3.0, 1.5, 

;ALFWF - 10 DEG 
0.0, 1.6, 
1.6. 0.0, 

-3.2. -1.6, 

3.0, 
0.2, 
0.0 

3.2 
1.6 
0.0 

1.7, 
0.4, 

4.1, 
3.2, 

•0.4 
1.7 

3.2 
4.8 

INPUT PARAMETERS FOR PANEL «2 (LT HORIZONTAL/ 

TSP2 
WLP2 
BLP2 
SAP: 
GAMP2 
I0P2: 
CP2:: 

47 3.8 ; FUSELAGE STATION.INCH 
100.6 | WATERLINE STATION,INCH 
25.0 j 1UTTLINE STATION,INCH (*IVE TO PORT) 
9.25 i SURFACE AREA FT«*2 
0.0 ; PANEL ORIENTATION,DEG 
2.0 ; TAIL INCIDENCE,DEG 
1.0 ) PANEL MEAN AERO CHORD.FT 

;•• HORIZONTAL STABJ.*ZER (LT PANEL) LIFT VS ALFPP2 MAP *• 
CLP2MP: :UVRUVM| 

ALFPP2M 
CLP2M 
CLP2LO 

EXP -24.0.24.0.2.0 
CLP2HI 

EXP -90.0.90.0.15.0 

MAP ARGUMENT:LOOR UP ROUTINE 
INPUT VARIABLE 
OUTPUT VARIABLE 
PRIMARY (BASIC) HAP NAME 
LOWER LIMIT, UPPER LIMIT.DELTA - LOW ANGLE HAP 
SECONDARY (HIGH ANGLE) HAP NAME 
LOWER LIMIT, UPPER LIMIT. DELTA - HI ANGLE HAP 

CLP2LO: EXP 
EXP 
EXP 
EXP 
EXP 

;LOW ANCLE KA?:ALrpP2 -24 TO 24 DEG, DELTA • 2 DEG 
-0.76. 
-1.13. 
-0.57. 
0.17. 
0.51. 
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0.90. -1.15, 
1.07. -1.00, 
0.42, -0.27, 
0.30, 0.39, 
0.46. 0.30. 

1.19. -1.17 
0.16, -0.71 
0.12. 0.03 
0.45. 0.49 
0.55. 0.60 



TABLE B-l. S-76A SPECIFIC FILE (Cont'd) 

IRICB ANCLE HAP:ALFPP2 -90 TO 90 DEC, DELTA «15 DEG 
CLP2HI: EXP       0.0.     -0.35.     -0.70,    -0.80,     -0.75 

EXP      -0.775,   -0.27,      0.45,     0.70,     0.10 
EXP       0.70,     0.35,     0.0 

;*« HORIZONTAL STABILIZER (LT PANEL) DRAG VS ALPPP2 HAP •• 
CDP2HP::UVRUVR|| 

ALFPP2M 
CDP2II 
CDP2LO 

EXP -24.0,24.0,2.0 
CDP2HI 

EXP -90.0.90.0.15.0 

»HA» ARGUMENT:LOOK UP ROUTINE 
;INPUT VARIABLE 
;OUTPUT VARIABLE 
;PRIMARY (BASIC) HAP NAME 
;LOWER LIHIT, UPPER LIMIT, DELTA - LOW ANGLE HAP 
;SECONDARY (HIGH ANGLE) HAP NAME 
jLOWER LIMIT, UPPER LIMIT, DELTA - HI ANCLE HAP 

CD' :LO: EXP 
EXP 
EXP 
EXP 
EXP 

CDP2HI: EXP 
EXP 
EXP 

.LOW ANGLE HAP:ALPPP2 -24 TO 24 DEG, DELTA - 2 DEG 
0.36, 
0.21. 
0.C3, 
0.012, 
0.11. 

0.35, 
0.13, 
0.02, 
0.016, 
0.15, 

0.34, 
0.0B, 
0.013, 
0.022, 
0.16, 

0.32, 
0.06. 
0.009, 
0.03, 
0.22. 

0.29 
0.045 
0.009 
0.065 
0.26 

;HIGR ANGLE HAP:ALPPP2 -90 TO 90 DEG. DELTA - 15 DEG 
1.20,     1.12, 0.91,     0.65,     0.41 
0.265.     0.013, 0.165,    0.31,     0.56 
0.69,      1.12, 1.20 

INPUT PARAMETER FOR ROTOR INTERFERENCE ON THE RORIZ.TAIL 62 (HRPA) 

;•• ROTOR X-FACTOR ON HORIZONTAL TAIL HAP •• 
EXP2HP::BIVM ;HAP ARGUMENT:LOOR UP ROUTINE 
EXP    CHIPHPM.AAIFHRM ;INP7T VARIABLE II. INPUT VARIABLE 12 

EKXP2M .-OUTPUT VARIABLE 
EXP2LO ; HAP NAME 

EXP -20.0.100.0.10.0.15,-LOW LIH. UP LIH, DELTA, «XTEHS(OCTAL) CHI 
EXP -3.0,3.0,3.0       ;LOWER LIMIT, UPPER LIMIT. DELTA - AA1FHR 

;CHIPHR -20 TO 100 DEG FOR AAlFMR -3,0.3 DEG 
,-AAlFHR • -3 DEG 

EXP2LO: EXP 
EXP 
EXP 

0.0. 
0.42, 
1.40, 

0.0, 
0.62, 
0.09. 

-0.42. 
0.64, 
0.50 

0.05, 
1.06, 

0.24 
1.34 

EXP 
EXP 
EXP 

:AA1FHR • 
0.0. 
0.40, 
1.50. 

0 DEG 
0.0. 
0.6C. 

-0.05, 

-0.40. 
0.62. 
0.50 

-0.19. 
1.07, 

0.20 
1.34 

EXP 
EXP 
EXP 

JAAIFHR • 
0.0. 
0.23. 
1.51. 

3 DEG 
0.0. 
0.45, 
0.16, 

-0.45. 
0.67, 
0.50 

-0.62. 
0.92. 

0.02 
1.19 

}•• ROTOR J-FACTOR ON HORIZONTAL TAIL MAP 
EZP2HP::BIVM ;HAP ARGUMENT:LOOR UP ROUTINE 
EXP    CHIPHRM.AAIPHRM .INPUT VARIABLE fl. INPUT VARIABLE 12 

EKZP2M {OUTPUT VARIABLE 
EZP2LO {PRIMARY (BASIC) HAP NAME 

EXP -20.0,100.0.10.0.15,-LOW LIN, UP LIN, DELTA. 11 TIMS (OCTAL) CHI 
EXP -3.0.3.0.3.0       {LOWER LIMIT, UPPER LXHIT, DELTA - AAlFMR 

EZP2LO: EXP 
EXP 
EXP 

EXP 
EXP 

ICRIPNR -20 TO 100 DEG FOR AAlFHR -3.0.3 DEG 
?AAlFMR • -3 DEG 
-0.30,     -0.40, -0.50,     1.76.      1.60 
1.63.      1.85, 1.67.     1.68.      1.69 
1.85. 1.47. 0.90 

IAAlFMR • 0 DEG 
-0.30,     -0.40.     -0.50.     1.15.      i   93 
1.86. 1.66.      1.90.     1.92,      1.92 
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EXP 

EXP 
EXP 
EXP 

TABLE B-l. S-76A SPECIFIC FILE (Cont'd) 
1.90, 1-60, 1.00 

.-AAlFHR - 3 DEG 
-0.30, -0.30,     -0.30,     -1.40, 
1.91, 1.95, 2.00,      2.03, 
2.07, 1.74,     1.15 

FUSELAGE INTERFERNCE ON THE HORIZ.TAIL 12 (WFPA) 

1.S2 
2.05 

QP2HP:- UVRII 
ALFwril 
QP2QWFII 
QP2LO 

EXP -20.0,20.0,4.0 

;•* HORIZONTAL TAIL DYNAHIC PRESSURE RATIO KAP** 
;HAP ARGUMENT:LOOK UP ROUTINE 
;INPUT VARIABLE 
,OUTPUT VARIABLE 
;PRIMARY (BA5TC) HAP NAHE 
;LOWER LIMIT, UPPER LIMIT, DELTA 

;ALFWF -20 TO 20 DEG, DELTA • 4 DEG 
OP2LO:  EXP       1.00,       .96, .82,       .74, 

EXP        .74,       .79, .79,       .15, 
1.00 

,74 
.96 

EPP2HP: :UVRII 
ALFWFII 
EPSP2II 
EPP2LO 

EXP -40.0,40.0,5.0 

;•• BODY DOWNWASH ON HORIZONTAL TAIL MAP •• 
;MAP ARGUMENT:LOOK UP ROUTINE 
.INPUT VARIABLE 
;OUTPUT VARIABLE 
;PRIMARY (BASIC) HAP NAME 
;LOWER LIMIT, UPPER LIMIT, DELTA 

EPP2LO: EXP 
EXP 
EXP 
EXP 

;LOW  ANGLE HAP:AIFWF -40   TO   40 DEG,   DELTA  - 5  DEG 
0.0,                 1.0, 2.0.                 3.0,                 4.0 
3.6,                 3.1. 2.6,                 2.1,                 l.SS 

10,                   0.5, 0.0,                0.0,                 0 
0.0. 0.0 

SGP2HP: :BIVM 
EXP    PSIWFtl.ALFWFII 

SIGP2II 
5GP2LO 

EXP -24.0.24.0.4.0.15 
EXP -10.0,10.0,10.6 

;•* BODY SIDEWASH ON HORIZONTAL TAIL HAP •• 
»HAP ARGUMENT:LOOK UP ROUTINE 
;INPUT VARIABLE II, INPUT VARIABLE 12 
.•OUTPUT VARIABLE 
;PRIMARY (BASIC) HAP NAME 
;LOW LIHIT. UP LIHIT. DELTA. IITEMS I OCTAL).PSI 
;LOW LIHIT, UP LIHIT, DELTA, ALFWF 

;LOV ANGLE HAP:PSIWF -24 TO 24 DEG FOR ALFWF -10,0.10 
;ALFWF - -10 DEG 

-4.8.     -3.6,     -2.4 
1.2,      2.4.      3.6 
0.0 

SGP2LO: EXP o.o, -2.4. 
EXP -1.2. 0.0. 
EXP 4.8. 2.4. 

jALFWF • 0 DEG 
EXP o.o. -1.5. 
EXP -0.2. 0.0. 
EXP 3.0. 1.5. 

.ALFWF - 10 DEG 
EXP 0.0. 1.6. 
EXP 1.6. 0.0. 
EXP 

INPUT 

-3.2. 

PARAMETERS 

-1.6. 

FOR PANEL 

-3.0, 
0.2. 
0.0 

3.2. 
-1.6. 
0.0 

1.7. 
0.4. 

4.6, 
3.2. 

-0.4 
1.7 

3.2 
-4.6 

; ••INTERFERENCE SUBMODULE DEFINITION*« 
INFP3:: MRP3AVII,.MRPAII; (VAR.BLK..SUBHOD) H.R. - PANEL 13 

WFP3AVII.,WFPA!I; (VAR.BLK..SUBHOD) BODY - PANEL 0 3 
GP3AVKM, .GPAII | (VAR.BLK. .SUBMOD. NAME) GUST i All - PANEL 13 
Z ; TERMINATE INTERFERENCE 9UBHODLE LIST 

; FUSELAGE STATION.INCH 
; NATERLINE STATION.INCH 
i BUTTLINE STATION.INCH («IVE TO POKT) 
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FSP3:: 490.0 
WLP3:: 141.3 
BLP3:: 0.0 



SAP3:: 
GAMP3: 
X0P3:: 
CP3:: 

19.7 
-90.0 
Z 
1.0 

TABU B-l. S-76A SPECIFIC FILE (Cont'd) 

I IURFACE AREA, FT" 2 
PANEL ORIENTATION,DEG 
PANEL INCIDENCE,DEG 
PANEL MEAN AERO CHORD,FT 

CLP 3 HP:: UVAUVP.lt 
ALPPP3M 
CLP3II 
CLP3LO 

EXP -24.0,24.0,2.0 
CLP3RX 

EXP -90.0,90.0,15.0 

;•• VERTICAL STABILIZER LIPT VS AIFPP3 HAP •• 
{HAP ARGUMENT:LOOK UP ROUTINE 
;INPUT VARIABLE 
;OUTPUT VARIABLE 
* PRIMARY (BASIC) HAP NAME 
}LOWER LIhIT, UPPEB LIMIT, DELTA - LOW ANGLE HAP 
;SECONDARY (HIGH ANGLE) HAP NAME 
{LOWER LIMIT, UPPER LIMIT, DELTA - IX ANCLE HAP 

CLP3LO: EXP 
EXP 
EXP 
EXP 
EXP 

CLP3HI: EXP 
EXP 
EXP 

{LOW ANGLE HAPtALPPPS -34 TO 34 DEG, DELTA - 3 DEG 
-0.76,    -0.95,    -0.69,    -0.62. -0.75 
-0.66,    -0.60,    -0.53,    -0.44, -0.36 
-0.26,    -0.30,    -0.13,    -0.04,     0.04 
0.13,      0.195,     0.37,     0.35, 0.43 
0.51,     0.59,     0.66,     0.73.     0.66 

;HIGM ANGLE HAP:ALFPP3 -90 TO 90 DEG, DELTA - 15 DEG 
0.0,     -0.35,    -0.70,    -0.77, -0.70 

-0.85.     -0.12,     0.60,     0.70, 0.77 
0.70,      0.35,     0.0 

;•• VERTICAL STABILIZER DRAG VS ALFPP3 HAP 
CDP3MP:lUVRUVRII 

ALrPP3M 
CDP3II 
CDP3LO 

EXP -24.0,24.0,2.0 
CDP3BI 

EXP -90.0.90.0,15.0 

{HAP ARGUMENT:LOOK UP ROUTINE 
{INPUT VARIABLE 
{OUTPUT VARIABLE 
{PRIMARY (BASIC) HAP NAME 
{LOWER LIHIT, UPPER LIHIT. DELTA - LOW ANGLE HAP 
{SECONDARY (HIGH ANGLE) HAP NAME 
{LOWER LIMIT. UPPER LIHIT. DELTA - RI ANGLE HAP 

{LOW ANGLE HAP:ALFPP3 -24 TO 24 DEG. DELTA • 2 DEG 
CDP3LO: EX» 

EXP 
EXP 
EXP 
EXP 

CDP3I1: EXP 
EXP 
EXP 

0.250. 
0.097, 
0.023, 
0.012. 
0.063. 

0.215. 
0.077, 
0.016. 
0.017. 
0.060. 

0.175. 
0.061. 
0.011. 
0.024. 
0.110. 

0.145. 
0.041, 
0.009. 
f.034. 
0.150, 

0.119 
0.034 
0.009 
0.047 
0.210 

{HIGH ANGLE HAP:ALPPP3 -90 TO 90 DEG, DELTA • 15 DEG 
1.20,      1.12,      0.S9.     0.50, 0.31 
0.1S5.     0.011,     0.135,     0.26, 0.54 
0.S6,     1.12.     1.20 

; ROTOR INTERFERENCE ON THE VERTICAL TAIL «1 (HRPA) 

!•• ROTOR X-PACTOB ON VERTICAL TAIL HAP •• 
EXP3HP::BXVII {RAP ARGUMENT:LOO« UP ROUTINE 
EXP    CHXPHRM.AAIPHRII {INPUT VARIABLE II, INPUT VARIABLE 12 

EKXPltt {OUTPUT VARIABLE 
EXP3 {PR1HARY (BASIC) MAP NAME 

EXP -20.0.100.0.10.0.15.LOW LIM. UP LIN, DELTA. •ITEMS(OCTAL) CKI 
EXP -3.0, 3.0, 3.0     {LOWER LIMIT. UPPER LIMIT. DELTA - AA1PMR 

EXP3: EXP 
EXP 
EXP 

EXP 
EXP 
EXP 

{CRIPHR -20 TO 100 DEG FOR AAlPRR -3. 0. 3 DEG 
{AA1PHR • -3 DEG 
-0.20.     -0.10.     -0.25.    -0.50.     -0.40 
-0.10.      3.59,     0.63.     1.09.      1.37 
1.69.      0.03.     0.0 

{AAirMR • 0 DEG 
-0.20. -0.10. -0.25, 
-0.50. -0.2$. 0.45, 
1.73. 0.06. 0.0 

-0.50 
1.10, 

-C.50 
1.19 

IBB 



TABLE B-l. S-76A SPECIFIC FILE (Cont'd) 
JAAIFHR - 3 DEG 

-0.10, -0.25,    -0.50, 
-0.50, -0 35,     -0.20, 
9.01, 0.0 

EXP -0.20, 
EXP -0.50, 
EXP 1.63, 

-0.50 
O.SO 

EZP3HP: :BIVM 
EXP 

;•• ROTOR I-FACTOR ON VERTICAL TAIL HAP •• 
;HAP ARGUMENT:LOOK UP ROUTINE 

CHIPMRM.AAlPHRtl ;INPUT VARIABLE II, INPUT VARIABLE «2 
EF.ZP3M ,'OUTPUT VARIABLE 
EZP3LO ;PRIMARY (BASIC) KAP NAME 

EXP -20.0,100.0,10.0,15;LOW LIU, UP LIM, DELTA, IXTEHS(OCTAL) CBI 
EXP -3.0,3.0,3.0       ;LOWER LIMIT, UPPER LIMIT, DELTA  - AAlFMR 

;CBIPHR 0 TO 100 DEG POR AAlPMR -3, 0, 3 DEG 
,-AAlFHR - -3 DEG 

E2P3LO: EXP        0.0,       0.0,      -0.12,     -0.04, 
EX?       1.45,      1.97,      1.99,     2.00, 
EXP       2.01,      1.86.      1.05 

0.95 
1.99 

EXP 
EXP 
EXP 

EXP 
EXP 
EXP 

;AA1FHR • 0 DEG 
0.0, 0.0, 
i.03. 1.53, 
2.07, 2.00, 

;AAlFMR - 3 DEG 
0.0, 0.0, 
0.45, 1.05. 
2.24, 2.21. 

0.05. 
2.07, 
1.25 

•0.0J. 
1.47, 
1.50 

0.0, 
2.06, 

0.04, 
1.77. 

0.20 
2.07 

0.20 
2.08 

FUSELAGE INTERFERENCE ON THE VERTICAL TAIL |] (WFPA) 

OP3MP:: BIVII 
EXP 

EXP 
EXP 

PSIWm.ALFWFII 
0P3OWFM 
QP3LO 

-20.0.20.0.4.0.13 
-10.0,10.0,5.0 

••   VERTICAL  TAIL   DYNAMIC   PRESSURE  RATIO  MAP 
HAP  ARGUMENT:LOOK  UP   ROUTINE 
INPUT VARIABLE  #1.   INPUT VAJCABLI  12 
OUTPUT   VARIABLE 
PFIHARY (BASIC) HAP NAME 
LOW LIMIT, UP LIHiT DELTA, •ITEMS(OCTAL).PS I 
LOW LIMIT. UP LIMIT, DELTA. ALFWr 

;LOW ANGLE MAP:PSIWF -20 TO 20 DEG FOR ALFWP -10,0,10 
;ALFWF - -10 DEG 

QP3LO:  EXP        1.00.      0.97.      0.92,      0.89,      0.84 
EXP        0.75.      0.84.      0.89,      0.92.      0.97 

1.00 

.ALFWF - -5 DEG 
EXP        1.00. 0.96. 
EXP        0.72. 0.77, 

1.00 

0.88 
0.85, 

0.85, 
0.88. 

0.77 
0 96 

.ALFWP • 0 DEG 
EXP        1.00. 0.95 
EXP        0.70. 0.71 

1.00 

0.85 
0.62 

0.82 
0-65 

0. 71 
0.95 

EXP 
EXP 

ALFWF - 
1.00. 
0.66. 
1.00 

5 DEG 
0.93 
0.68 

0.83 
0.76 

0.76 
0.63 

0.68 
0.93 

;ALFWr  - 10 DEG 
EXP        1.00. 0.90.      0.8C.      0.70. 
EXP        0.62. 0.64.      0.70.      0.80. 

1.00 

0.64 
0.90 

EPPJnP::CONST|| 
EPSP1M 
EPSP3M 

;•• BODY DOWNWASM ON VERTICAL TAIL HAP •• 
jMAP ARGUMENT:LOOI UP t    UTINE 
.INPUT VARIABLE 
.•OUTPUT VAAIABLE 
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••••••• 

RTR:: 
OHEGTR: 
BTR:: 
FSTR:: 
WLTR:: 
BLTR:: 
TWSTTR: 
BIASTR: 
GAMTR:: 
DEL3TR: 
DELTTR: 
CHRDTft: 
ATR:: 
BTLTR:: 
CDTR:: 

TABLE B-l.    S-76A SFKCIFIC FILE (Cont'd) 
INPUT PARHATERS FOR TAIL ROTOR («A) - (BAZLEY) 

4.0 »RADIUS,FT 
168.75 /TRIM ROTATIONAL RATE,RAD/SEC 
4.0 {ACTUAL NUMBER OF BLADES 
518.046 /FUSELAGE STATIONEN 
162.879 /WATERLINE STATIONEN 
20.0 ;BUTTLINE STATION,IN UIVE TO PORT) 
-8.0 ;BLADE TWIST,DATUM CENTER OF ROTATION.DEC 
14.0 .-BLADE PITCH CORRECTION FOR N.L.TWIST(NEG REDUCES PITCH) 
90.0 /TAIL R0T3R CANT ANGLE,DEG 
,45.0 /FLAPPING HINGE OFFSET ANGLE,DEG 
1.002 ;RATE OF CHANGE OF CONE ANGLE KITH THRUST,DEG/LB 
.540 /BLADE CHORD,FT 
5.73 /BLADE LIFT CURVE SLOPE,1/RAD 
.92 /BLADE TIP LOSS FACTOR 
2.0 /TAIL ROTOR HEAD DRAG,FT*•2 

'TAIL ROTOR B PARAMETERS' 
IBTR::0.67 
DRD0TR.:0.0087 
DRD1TR::-0.0216 
DRD2TR::0.4 
DROTTR::-1.0 
TAUDTR::0.1 

;BLADE MOMENT 3P XNTERTIA ABOUT HINGE, *LUG-FT**2 
/BLADE SECTION DRAG COEFFICIENT, WHERE 
/CD • DRDOTR • DRDlTR*ALPHA • DRJ>2TR*ALPHA**2 

'/CODE FOR DiRECTION OF ROTATION 
/DOWNWASH LAG TIME CONSTANT 

ROTOR INTERFERNCE ON TAIL ROTOR (HRPA) 

EXTRHP::(*ONSTI9 
EKXP3M 
EKXTRM 

EXTRHP::CONST!t 
ERXP3M 
EKXTRM 

;•• ROTOR X-FACTOR ON TAIL ROTOR RAP •• 
/MAP ARGUMENT:LOOK UP ROUTINE 
/INPUT VARIABLE 
/OUTPUT VARIABLE 

/•• ROTOR I-FACTOR ON TAIL ROTOR RAP •• 
/HAP ARGUMENT:LOOK UP ROUTINE 
/INPUT VARIABLE 
/OUTPUT VARIABLE 

VBVTTR; 
RBVTTR i 

FSCG:: 
WLCG:: 
BLCG.: 

WEIGHT: 
IX:: 
IY: : 
IX: : 
IXZ: : 
IY2: : 
IXY: : 

VERTICAL TAIL INTERFERENCE ON TAIL ROTOR INFLOW 

30.0 
.895 

AIRSPEED BREAR PT. - NO BLOCKAGE ABOVE.RT. 
TAIL ROTOR BLOCKAGE COEF. AT HOVER 

INPUT PARAMETERS FOR EQUATIONS OF MOTION I »A) 

210.0 
95.4 
0.0 

8750.0 
2225.0 
12500.0 
11041.0 
1294.0 

0.0 
0.0 

; FUSELAGE STATION,OF G.G.,INCH 
/ WATERLINE STATION OF CG., INCH 
/ BUTTLINE STATION OF CG., INCH UIVE TO PORT) 

/ AIRCRAFT GROSS WEIGHT.LBS. 
; INERTIA ABOUT BODY X-AXIS.SLUG-FT«*2 
/ INERTIA ABOUT BODY Y-AXIS.SLUG-FT*«2 
| INERTIA ABOUT BODY X-AXIS,SLUG-FT»"2 
| CROSS COUPLING INERTIA.SLUG-FT*«2 
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Figur« 1-2.    I-74A lUlt» lotor 1U6* Mat Ha» 
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Figur« B-4. S-7&A Fu*«lag« Drag Map 
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Figure  B-7.     S-76A Fueelege  DeIt*  Dreg K*p 
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Figur« »-10.    S-76A Fu»«l*g« Boiling Nnarat Hap 
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Figur« 1-12. S-76* Hain Eotor Dovnwaah on Püaalas« Kap (jr-dlractlon) 
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Figure   B-13.     S-76A lUln to' _>r DovnwAsh on  Fuithg*  H*p   (i-dlr«ctlon) 
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Figure  B-17.     S-7fc\ Mmln Rotor Dovtwash on Horizont*! Tall Kap  (t-dlrectlon) 
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Figur« B-18.     S-76A Fuaelaga Dovnvaah on Horizontal Tall Hap 
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Figure B-21.  S-76A Vertical Tail Drag Map 
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APPENDIX C 

ffl-HE BQBBL Bala 

Th» CH-53E (Figure C-1) is the largest assault transport helicopter in the 
free world. It is an extensively atodlfied derivative of the CH-53D Sea 
Stallion. Ita basic Design Cross Weight is 46,500 pounds, and vith internal , 
loads ita maximum gross weight la 69,750 pounds. The main rotor is 79 feet In 
diaaeter and featurea seven blades. Three General Electric T64-6E-416 turbo- 
shsft engines power the CH-53E. These have an I2P rating of 4,113 shp each. 
Approximately 400 CH-53E helicopters have been produced in two basic variants. 
CH-53Es are used as assault transports by the U.S. Marine Corps while KH-53Es 
are used primarily as aerial mine sweepers by the U.S. Navy. 

The aaln rotor la of conventional articulated design with coincident flap and 
lag hinges. The hinge offaet is 6.33 percent. The Super Stallion italn rotor 
blades also eaploy SC1095 airfoil aectiona. 

The tall rotor is a four-bladad unit 20 feet in diaaeter. It is of conven- 
tlonal seal-articulated dealgn with flapping hinges but no lag hinges. The 
fixed horizontal tail Is aounted to the top of the vertical fin and haa an 
area of 58 square feet. Both the vertical fin and tall rotor are canted 
20 degrees frost the vertical. The tail rotor is a pusher type, and the 
horizontal tall is a gull-wing configuration so aost of the surface is hori- 
zontal, even though It is attached to the canted fin. 

The CH-53E GenHel simulation was alreedy operational at Sikorsky and has been 
extensively validated against flight test data. Since the CH-53E is a heavy 
lift transport, its evaluation in this M/A study was aade at a aediua gross 
weight of 56,000 pounds and *lth 105 percent rotor speed. The up-speeded 
rotor is used operationally for soae heavy-lift aisr« m. 

All of the numerical data used to aodal the CH-S3E are provided in this 
appendix. Table C-1 is a listing of all the input data. Figures C-2 through 
C-24 are plots of the aap data for fuselage, vertical tail and horizontal tall 
aerodynaalca along with plota of the rotor Interference and fuselage interfer- 
ence data. The tabular data are provided vlth appropriate labals. Map data 
are identified with GenHel variable naaes provided in th« List of Symbols. 

For the CH-53E model, the panel allocation was as follows: 

HI  Horizontal tall 
VI  Vertical tail 
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TABLE C-l. CH-33E SPECIFIC FILE 

••«»••• 

PSHR:: 
WLRR:: 
BLHR:: 
MR: : 
ONCTHR: 
BUR:: 
ZSKR:: 
ILHR:i 
DELSHR: 
DEL3MR: 
RAF1HR: 
RAF2HR: 
CHDTRR; 
CHDRHR: 
OFSTHR: 
SPRLHR: 
WTBDHR: 
IBHR:: 
KBRR:: 
BTLHR:: 
DCDRR:: 
NBSHR:: 
NSSHR:; 
DELTHO: 

TWHRHP: 

EXP 

TWHRLO: 

;••••'* 

RCTHR: 
RCHHR 
KSLHR: 
TDWOHR: 
TDWCHR 
TDWSRR: 

KBP.HR: 
KBR.HR 

ALOHR: 
ILDRR : 
CLL."». 
DLDM' 
RLDR.' 

TITLE CB53E WITH TIP TAhKS,EAPS, FLEXIBLE FUSELAGE AMD ENGIhti 

INPUT PARAMETERS FOR MAIN ROTOR MODULES («A) •••••• 

336.5 
259.0 
0.0 
39.5 
:18.732 
7.0 
-5.0 
0.0 
:-10.0 
IO.O 
:0.0 
:0.0 
:2.42 
:2.42 
:2.5043 
:9.33 
:652.0 
5914.0 
249.0 
.97 
.002 
7 
5 
:.25 

FUSELAGE STATION, INfHES 
WATERLINE STATION,INCHES 
BUTTLINE STATION.INCHES,<*VE TO PORT) 
RADIUS,FT. 
TRIM ROTATIONAL SPEED (1001) 
ACTUAL NUHBER OF BLADES 
LONGITUDINAL SHAFT TILT,(POS.BACKWARDS),DEG 
LATERAL SHAFT TILT,(POS.STAKBOARD»,DEC 
SWASHPLATE PHASE ANGLE,DEG 
FLAPPING HINGE OFFSET ANGLE,DEG. 
LAGGING BINGE OFFSET COEP.(FUNC(LG)) 
LAGGING HINGE OFFSET COEP.(FUNC(LG«*2)) 
BLADE CHORD AT TIP,FT. 
BLADE CHORD AT ROOT,FT. 
HINGE OFFSET,FT. 
HINGE TO START OF BLADE,FT. 
WEIGHT OF ONE BLADE,LBS. 
BLADE HOHENT OF INERTIA ABOUT HINGE,SLUG-FT*•2 
BLADE HASS MOMENT ABOUT BINGE,SLUG-FT*«2 
BLADE TIP CUT OFF RATIO 
DELTA DRAG COEF. FOR EACH SEGHENT 
NUHBER OF BLADES SIHULATED,FIX POINT 
NUHBER OF SEGHENTS SIHULATED,FIX POINT 
RAIN ROTOR TWIST DELTA 

•••     MAIN  ROTOR  NON-LINEAR  TWISI   HAP   ••• 

:UVRM 
XSEGHRII 
TWSTHRM 
TWHRLO 
0.0,1.0,0.05 

;HAP AÄGUHENT LOOK-UP ROUTINE 
;INPUT - X FROH CENTER OF ROTATION 
OUTPUT - TWIST AT BLADE SrGHENT 
RAP NAHE 
LOWER LIHIT,UPPER LIHIT,DELTA 

EXP 
EXP 
EXP 
EXP 

0, 
0, 

-2.542, 
-7.447, 

-10.667 

0.0, 
o.o, 

-3.530, 
-8.242, 

0.0, 
-0.096, 
•4.516, 
•8.623, 

0.0, 
-0.625, 
-5.504 
-9.372 

0.0 
-1.553 
-6.497 
-9.830 

RAIN ROTOR DOWNWASH SUBRODULE (IAI 

1.0 
0.0 
0.0 
.01038 
0.0 
0.0 

THRUST GAIN TOR UNIFORH DOWNWASH 
PITCH.HOH.GAIN FOR DOWNWASH SIN.HARMONIC 
ROLL HOH.GAIN FOR DOWNWASH COS.HAAHONIC 
TIRE CONST.FOR CNIFCRR DOWNWASH FILTER,SEC 
TIRE CONST.FOR DOWNWASH SIN.HARRON.FILTER.SEC. 
TIRE CONST.FOR DOWNWASH COS.HARHON.'ILTER,SEC. 

FLAPPING/TAGGING DARPER CALCULATIONS (IC) 

0.0 
0.0 

2.40 
27.983 
0.0 
«.635 
9.312 

FLAPPING HINGE SPRING CONST.FT-LBS/RAD 
FLAPPING HINGE DARPER CONST, FT-LBS-SEC/RAD 

••SET OF HOUNTING DIMENSIONS FOR LAG DARPER.INCHES«• 
DATA WERE REVISED TO HATCH C/RH-53E DARPERS 
DARPER RATE IS FUNCTION ONLY OF LAG RATE 
ALiO INTRODUCED AIR-SPRING PRE-LOAD (TENSION) 
ALL THIS ON 13 JUNE 1968 
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TABUE C-l.  CH-53E SPECIFIC FIU (Cont'd) 

LG0DNR::0.0     J ALIGNMENT OPPSET IN RELATION TO LAG,DEC 
THLDHR::Q.0     l PXXED BLADE PITCH RELATIONSHIP BET. ARM AND THCUPP 

ILDHR:: 4SS0.0 j   INTERCEPT OF PRE-LOAD FUNCTION, L»a 
SLDHR:: 5730.0  ; SLOPE OP PRE-LOAD (100 LB/DEG), LBS/RAD 

; TENSION PRODUCES A NEGATIVE LAG NOTION 

; • •• LAG DAHPER PORCE VS DAMPER ARK RATE ••* 

LDHRHP::UVSUVS4I ;HAP ARGUHENT - LOOK-UP ROUTINE 
LD.H*lt(Al6) ;INPUT - DAMPER AXIAL VEL IN/SEC 
PLD.HRI«(A16) ;OUTPUT - DAMPER PORCE LBS 
LDHRLO JLOH RANGE HAP NAME 

EXP 0.0,1.0,0.1 ;LOWER LIMIT,UPPER LIMIT, DELTA 
LDHRHl ;HIGH RANGE MAP NAME 

EXP  1.0,8.0,1.0 .'LOWER LI'tTT,UPPER LIMIT,DELTA 

| REVISED PRODUCTION DAMPER DATA INSERTED 10 PEB 1988 

I LOW RA  - MAP 
LDHRLO: EXP    0.0,     230.0, S00.0,    1140.0,    1800.0 

EXP  2500.0,    3050.0, 3600.0.    3840.0,    3870.0 
3900.0 

; HIGH RANGE HAP 
LDHRHl: EXP  3900.0,    4100.0,    4240.0,    4380.0,    4500.0 

EXP  4600.0,    4670.0,    4700.0 

INPUT PARAHETERS POR FUSELAGE/WING (IA) 
COUNTING POINT OP HODEL IN NIND TUNNEL 

PSWP:: 336.4 
WLWF:: 161.4 
BLWF:: 0.0 
IV    : : 0.0 

; FUSELAGE STATION,IN. 
; MATERLINE STATION,IN. 
; BUTTLINE STATION,IN.(*VE TO PORT) 
; HING INCIDENCE,DEC. 

.-••CH-53E TAIL-OPr TANRS-ON EAPS-ON BODY DATA«' 
; UPDATED #-21-87 

{••FUSELAGE LIPT VS ALPHA MAP CH-53E** 

.-UPDATED NITH SER-13491 INFO 8-21-67 

LQFHP::UV*M ;UNIVAAIAT* 
ALFWFH ;WING- US ,-NGLE OP ATTACK, INPUT 
LQFM ; FUSELAGE LIFT, FT SO .OUTPUT 
LQFLO 2 NAME OF PRZHARY SET OF HAP DATA 

EXP -25.0,25.0.5.0   fALFA RANGE AND DELTA ALFA 
MPSIWT - 0) 

LQFLO:  EXP -304.5.  -250."».  -177.4,  - »4.65, - 45.3.    0.0 
EXP   42.5,   100.0,   172.5.   240.00,  304.5 

.••FUSELAGE DRAG VS ALPHA HAP CH-5 3E«* 

; UPDATE NITH SER-13491 INFO 6-21-87 
DQFHP::UVRM ;»JNXVARIATE 

ALFWPI6 ,XN ALFA N-F 
DOTtt 
DQ FLO 

EXP -25.0.25.0,5.0   ;ALFA RANGE AND DELTA ALFA 
;(PSIWT - 0) 

DOFLO:  EXP  152.0.   116.0.    92-00,   72.0,    42.0,    56.0 
EXP   62.0.    72.0,    90.00,  116.0.   154.5 
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TABUE C-1.    CH-53E SPECIFIC Till. (Cont'd) 

HQFHP: :UV*M 
ALPWFII 
HQPII 
HCjPLO 

EXP -25.0.25.0.5.0 

f" FUSELAGE   PITCB  SCHEUT  V«  ALPSA  HAP  CH-53E" 

.•UPDATED WITH  SEX-13491   INTO   8-21-87 
}UNIVA*IATE 
»IN   ALPA W-F 

;ALFA  RANGE  AND  DCLTA ALPA 
;(PSIHT •   0) 

HQTLO:     EXP -1175.2.   -1162.6,   -1126.2,   -  937.8.   -  502.0,       80.0 
EXP        603.0,      1200.0,      1622.9.      2227.2,      2354.0 

.'••FUSELAGE LIPT VS PSI NAP CH-S3E** 

DLQFNP::BIVII 
EXP   PSIWFM.ALFWFH 

DLQF96 
DLQFLO 

EXP -25.0,25.0,5.0,13 
EXP -10.0,10.0,10.0 

.•UPDATED WITH SER-13491 INFO 8-21-87 

.BIVARIATE 
;IN PS! AND ALPA 

;PSI RANGE WITH DEL PSI AND 13 POINTS(OCT: 
;ALPA HANGE WITH DEL ALPA 

MALF- -10) 
DLQFLO:   EXP  -60.4, -49.0. -36.0. -22.8, -   7.4, 0.0 

EXP  -   6.8, -20.5. -34.4. -44.4, -54.7 
;(ALF- 0   ) 

EXP  -37.3. -24.0. -12.7. -   5.4. -   1.0, 0.0 
EXP        2.0. 3.4. 2.7. -   2.8. -16.9 

MALP- 10) 
EXP   -   4.7, 7.4. 6.9. 5.7. 3.8, 0.0 
EXP     15.0, 16.5. 11-2. 9.5. -7.7 

• • fUSELAGE DRAG  VS PSI   HAP CH-53E • • 
UPDATED  w: TH   SEX-13491    INTO 6-21- 87 

DDQFHP: :BIVM BIVARIATE 
EXP   PSIWFM.ALPVPI4 IN PSI   AND ALPA 

ODQF66 
DDQTLO 

EXP   -25.0,25.0,5.0 13 PS .   RANGE, DEL   PSI. 13   PTS   (OCT) 
EXP  -10.0,10.0.10. ) AL A   RANGE .DEL   ALP 

;(ALE» -16) 
DDOrLO:    EXP   78.3. 47.0 27.8. 12.5. 3.5. 0.0 

EXP     5.3, 13.6 29.6. 49.7. 82.0 
.-(ALT- 0   ) 

EXP  65.9. 41.4 23.6, 11.4. 4.2. 0.0 
EXP     2.5, 9.0 20.0, 36.3. 66.8 

; (ALf- 10) 
EXP   60.2. 35.7 18.5. 6.0. 2.5. 0.0 
EXP     3.5. 9.5 20.9. 36.4, 58.7 
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TABU» C-1.    CB-53I SPECIFIC PILE (Coot d) 

DNQFMP::BIV|| 
EXP PSXMF»«,ALFWFH 

DHQPH 
DflOPLO 

EXP -25.0,25.0,5.0,13 
EXP -10.0,10.0,10.0 

»••FUSELAGE  PITCH  HOKENT WITH  PSX   CH-53E*» 
»UPDATFD WITH   SER-13491   XNPO  1-21-17 
jBIVARIATE 
»IN   PSX   AND  ALPA 

JPSI  RANGE,DEL PSI,13  PTS   (OCT) 
IALP  RANGE,OEL ALP 

DHQFLOt   EXP 500.0, 545.0, 460.0, 
EXP 110.0, 410.0, 730.0, 

EXP 420.C, 255.0, 105.0, 
EXP      5.0, 25.0, 75.0, 

EXP  315.0, 
EXP     20.0, 

210.0,     115.0, 
75.0,     1*0.0, 

l (ALP—10) 
305.0, 95.0, 0.0 
•70.0, • 30.0 

;(ALF- 0   ) 
35.0, 5.0, 0.0 

210.0, 420.0 
;(ALP-  10) 

45.0. 20.0, 0.0 
215.0, 460.0 

YOPHPstlXVII 
EXP PSXWFtf.ALPWFII 

fort I 
YQPLO 

EXP -25.0,25.0.5.0,13 
EXP -10.0,10.0.10.0 

.-••FUSELAGE 3IDE FORCE WITH PSX CH-53E** 
»UPDATED WITH SEP. -13491 INFO 6-21-87 
iRIVARIATt 
;IN PS1 AND ALFA 

IPSI RAN  .DEL PSX. 13 PTS(OCT) 
lALF RANGE,DEL ALP 

YQFLO:  EXP -124.0, - 91,0, - 58.0, - 30.0, - 11.0,   0.0 
EXP   13.0, 31.0, 60.0, 66.0, 111.0 

EXP -152.0, -134.0, -105.0, - 75.0. - 36.0,   0.0 
EXP   25.0, 50.0. 76.0. 112.0. 144.0 

EXP -114.0, -157.0, -120.0. - 65.0. - 48.0.   0.0 
EXP   36.0. 75.0, 105.0. 136.0. 166.0 

I (ALP—10) 

;(ALF- 0 ) 

HALF- 10) 

RQFRP::1IVI| 
EXP PSIWPM.ALFWFII 

RQPM 
RQFLO 

EXP -25.0.25.0,5.0,13 
EXP -10.0.10.0,10.0 

/••FUSELAGE ROLL NOKENT WIT« PSX CB-53E** 
I*'UPDATED ALF-0 DATA WITH SEH 13491 INFO 

IRIVARXATE 
I IN PSX AND ALFA 

IPS!   RANGE.DEL  PSX.13   PTS(OCT) 
jALF   RANGE,DEL ALF 

RQFLO:      EXP     320.0,      245.0,      180.0.      115.0,        40.0, 
EXP   -   10.0,   -   85,0.   -155.0,   -230.0,   -300.3 

0.0 

EXP   -100.0,   -160.0,   -200.0.   -190.0.   -150.0.   -40.0 
UP       90.0.     225.0.     340.0,     335.0,     275.0 

EXP  -145.0.   -lfO.0.   »•**.•,   -   80.0.   -   20.0, 
EXP     115.0.     175.0.     *S5.0.     240.0.     140.0 

45.0 

;(ALF--10) 

HALF« 0 ) 

I(ALF«   10) 
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TABLE C-l.     CH-53E SPECIFIC FILE (Cont'd) 

;••FUSELAGE   YAW  MOMENT WITH  PSI   CH-53E** 
;*«UPDATED ALF-0  WITH  SER-13491   INFO  8-21-87 

NQFMP::BIVM ;B1VARIATE 
EXP   PSIWFM.ALFWFM ; IN  PSI   AND ALFA 

NQFM 
NQFuO 

EXP -25.0,25.0,5.C,13 ;PSI RANGF.DEL PSI,13 PTS(OCT) 
EXP -10.0,10.0,10.0 ;ALF RANGE,DEL ALFA 

NQFLO:  EXP -1620.0,-1630.0,-1550.0,-1320.0,- 660.0,  0.0 
EXP  690.0, 1200.0. 1510.0, 1640.0, 166*.0 

EXP -1240.0,-1140.0,- 980.0,- 760.0,- 460.0, -100.0 
EXP  270.0,  660.0, 1040.0, 1200.0, 1200.0 

EXP - 820.0,- 730.U,- S90.0,- 400.0.- 200.0,  0.0 
EXP  200.0,  400.0,  590.0,  770.0,  850.0 

;<ALF—10) 

;(ALF» 0 ) 

;(ALr- 10) 

ROTOR INTERFERENCE ON THE FUSELAGE (MRPA) 

.-••ROTOR DOWNWASH ON FUS.  EKXF  CH-53E«* 
J**PAP CHANGED TO BIV AND NEW VALUES INSERTED 
; 8-21-87. NEW WARl KAP FROH IBM ANALYSIS PROGRAM 
;UNIFORK DISTRIBUTION 

EXWFKP::BIVM ;A UNIVARIATE 
EXP CHIPMRM.AAlFMRM  ;IN CHI TIP PATH PLANE 

ERXWFM ; OUTPUT 
EXWFLO 

EXP 0.0,100.0,10.0,13  .-WHICH VARIES FROH 0 TO 130 DEG IN STEPS OF 10 
EXP -6.0.6.0,6.0 

, AAIFHR—6 DEG 
EXWFLO: EXP 0.22, 0.32, 0.42, 0.52, 0.63,  0.74,  0.86,  0.9S.  -0.85 

EXP -0.85,  -0.85 

,- AA1FHR-0 DEG 
EXP 0.09.  0.19.  0.29,  0.40,  0.49.  0.63.  0.76,  0.89,  -0.9 
EXP -0.8.  -0.8 

; AA1PHR-6 DEG 
EXP -0.06,  0.04,  0.15,  0.27,  0.38,  0.50,  0.63,  -0.17 
EXP -0.93, -0.87, -0.87 

.-••ROTOR DOWNWASH ON FUS.  ER2F  CB-53E«* 
;**HAP WAS REVISED ON 8-21-87 BASED ON NEW RUNS 
»OF IBM ANALYSIS USING UNIFORM DISTRIBUTTON 

EIWFHP::BIVt# >A UNIVARIATE 
EXP CHIPMRM.AAlFMRM    ;IN CHI TIP PATH PLANE 

BKZWFtf 
EZWFIO 

EXP 0.0,100.0,10.0,1J  ;FROM 0 TO 100 DEG IN STEPS OF 10 
EXP -6.0.6.0,6.0 

; AA1FHR--6 DEG 
EZWFLJ: EXP 1.20,   ,.20,   1.19,   1.18,   1.16,   1.15 

EXP 1.13,   1.11.   Ü.91.   0.71,   0.71 

; AA1FHR-0 DEG 
EXP 1.20,  1.22, 1.22.  1.23,  1.22,  123.  1.23 
EXP 1.23,  0.93,  0.73,  0 73 

; AA1FMR-6 DEG 
EXP 1.20.  1.22.  1.23.  1.23.  1.27,  1.29.  1.30 
EXP 1.02.  0.90.  0.64,  0.64 
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TABLE C-l.  CH-53E SPECIFIC FILE (Coufd) 

,«••*« INPUT PARAMETERS FOR  HORIZONTAL TAIL Hi 

FSH1:: 879.4 ; 
WLHl:: 302.7 ; 
8LH1:: -48.0 i 
SAH1:: 58.0 } 
XH1:: 0.0 J 

CLBlHP::UVR»# 
ALPHHltt 
CLBlfi 
CLB110 

EXP -90.0,90.0,5.0 

FUSELAGE STATION,INCH 
WATERLINE STATION,INCH 
HUTTIINE STATION,INCH(*VE TO PORT) 
SURFACE AREA OF PANEL IF NOT INCLUDE IN NAP 

; TAIL INCIDENCE,DEG 

;**HORI20NTAL TAIL LIFT (CD HAP CH-53E** 
i   LIFT UPDATED USING SER-13491 INFO 8-21-87 

;UNIVARIATE FOR TAIL ASSEMBLY 
;IN ALFA HT 

;FROH -90 TO 90 DEC IN STEPS OF 5 DEG 
;IHT- 0 DEG 

CLH1LO: EXP  0.0 ,-0.11,-0.22,-0.30.-0.38,-0.44,-0.49.-0.54.-0.58 
EXP -C.55,-0.60,-0.59,-0.58,-0.57,-0.60,-0.86,-0.77,-0.41, -0.05 
EXP  0.21, 0.48, 0.63, 0.57, 0.54, 0.56, 0.58, 0.59, 0.59 
EXP  0.58, 0.54, 0.49, 0.44, 0.38, 0.3C, 0.22, 0.11, 0.0 

»••HORIZONTAL TAIL DRAG (CD) HAP CH-S3E** 

CDH1HP::UVRII 
ALPHHlItt 
CDH1M 
CDHILO 

EXP -90.0,90.0,5.0 

»UPDATED WITH SER-13491 INFO 8-21-87 
;UNIVARIATE FOR TAIL ASSEMBLY 
;IN ALFA HT 

JROfi -90 TO 90 DEG IN STEPS OF 3 DEG 
;IHT- 0 DEG 

CDHILO: EXP  1.30, 1.25, 1.20, 1.14. 1.08. 1.01. 0.94, 0.87, 0.80 
EX?  0.72, 0.64, 0.56, 0.48, 0.39, 0.31, 0.22, 0.11, 0.07, 0.05 
EXP  0.07, 0.12, 0.22, 0.31, 0.39, 0.48, 0.56, 0.64, 0.72 
EXP  0.80, 0.87, 0.94, 1.01, 1.08, 1.14, 1.20, 1.25, 1.3'J 

; ROTOR INTERFERENCE ON THE HORIZ TAIL Hl (HRPA) 

;««ROTOR DOWNWASH ON H.T.  ERXHT  CH-53E«« 
; UPDATED 8-21-87 

EXH1HP::BIV|# ;ABIVARIATE 
EXP CHIPHPM.AAlFKRM  ;IN CHITPP AND Al FLAPPING 

EKXHltt 
EXH1LO 

EXP 0.0,100.0,10.0,13  ;WITH CHITPP FROH 0 TO 100 DEG,DEL 10,13(8)PTS 
EXP -6.0,6.0,6.0       ;AND AAlF FROH -6 TO 6 , DEL 6 DEG 

»AlF«—6 DEG 
EXH1LO: EXP -0.70,  -0.74,  -0.78,  -0.80,  -0.79,  -C.72 

EXP -0.59,  -0.37,  1.55,  1.85,  1.85 
»AlF-0 DCG 

EXP -0.64,  -0.65,  -0.66,  -0.65.  -0.62,  -0.56 
EXP -0.45.  -0.28,  -0.06,  0.15,  0.15 

»AlF-6 DEG 
EXP -0.48.  -0.52.  -0.52.  -0.51.  -0.45.  -0.43 
EXP -0.35,  -0.23.  -0.06.  0.14.  0.14 
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TABLE C-l.     CH-53E SPECIFIC FILE (Cont'd) 

»••ROTOR OCWWASH ON B.T.  EKIHT  CB-53E" 
f»"UPDATED 8-21-8? 

E2H1HP::BIVt| ;A BIVARIATE 
EXP CHIFHRH.AAIFNRM  ; IN CHITPP AND \l   FLAPPING 

EK2H1M 
EIH1LO 

EXP 0.0.100.0,10.0.13  ;fOR CHITPP TROn 0 TO 100 DEO.DEL 10, 13(8)PTS 
CXP -6.C,6.0,6.0        ;AND Al OF -6,0,6 DEG 

»AlF—6 DEG 
EIHILO: EXP 0.00,   0.15,   0.32,   0.52,   0.74,   0.97 

EXP 1.18,   1.31,   1.32,   1.18,   1.18 
»A1F- 0 DEC 

EXP 0.20,   0.28,   0.41,   0.56,   0.73,   0.91 
EXP 1.09,   1.24.   1.27,   1.11,   1.10 

;A1F- 6 DEG 
EXP 0.18,   0.29,   0.40,   0.51,   0.63,   0.77 
EXP 0.92.   1.06,   1.16,   1.16,   1.16 

FUSELAGE INTERFERENCE ON HORI2 TAIL Hi (WFPA) 

»••DYNAMIC PRESSURE RATIO AT H.T.  CH-53E** 
ChlHP: -.CONSTII ;A CONSTANT VALUE IS USED 

(0.91 ;EQUAL TO 0.9 
QHIQWFM 

»••rUSELAGE DOWNWASH ON HORI2. TAIL CH-53E«« 

EPH1HP::UVR|| ;UNIVARIATE 
ALFVFIt ;ALFA OlO   INPUT 
EPSH1M ; EPSILON DEG OUTPUT 
EPK1LO 

EXP -30.0.30.0,5.0  ;ALPA RANGE AND DEL ALFA 
jBOrr DOWNWASH ON HOM20NTAL TAIL 

EP»lLO: EXP  0.0,   -6.5,   -5.6.   -4.7,   -3.8.   -2.9,   -2.0 
EXP -1.1,   -0.2,    0.7,    1.6,    0.0.    0.0 

»••rUSELAGE SIDEWASH ON BORI2. TAIL CH-53E«« 

SGR1KP: :CONSTM »A VALUf IS USED WHICH IS 
SIGV1»! ;EQUAL TO THE VERTICAL TAIL 
SIGH1M 
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TABLE C-I. CU-53E SPECIFIC FILE (Cont'd) 

PSV1 :     861.2                          | 
NLV1 :     247.0 
BLV1 0.0 
SAV1 :       74.0                          > 
XVI: I                                   / 

FOR VERTICAL TAIL VI (A) 

rUSELAGE STATION,INCH 
MATERLINE STATION,INCH 
BUTTLINE STATION,INCH(*VE TO PORT) 
SURFACE AREA OP PANEL XF NOT INCLUDE IN KAP 
TAIL INCIDENCE,DEG 
5 DEG L.E. RIGHT 15 INHERENT IN N.T. DATA 

/••VERTICAL TAIL LIFT (CLVT) KAP CH-53E** 

/LIFT UPDATED PER SIR 13491 XNPO 8-21-87 

CLV1HP::UVRtf 
BETWlte        ;IN BETA    (-PSI MT) 
CLV1M 
CLV1LO 

EXP -90.0,90.0,5.0    ,-FROH -90 TO 90 IN STEPS Or 5 DEG 
;IVT» 5 DEG 

CLV1LO: EXP 0.0 ,-0.13,-0.22,-0.30.-0.37,-0.43,-0.49,-0.53,-0.56 
EXP -0.59,-0.60,-0.61,-0.61,-0.66,-0.89,-0.77,-0.61,-0.4 3,-0.27 
EXP -0.11, 0.05, 0.22, 0.38, 0.54, 0.70, 0.89, 0.79, 0.65 
EXP 0.60, 0.55, 0.50, 0.44, 0.38, 0.31, 0.23, 0.13, 0.0 

/••VERTICAL TAIL DRAG (CDVT) HAP CB-53E** 

CDV1HP::UVRM 
BETW1M 
CDV1I« 
CDVILO 

EXP -90.0,90.0,5.0 

; DRAG UPDATED PER SER 13491 INFO 8-21-87 
;UNIVARUTE FOR TAIL ASSEMBLY 
;IN BETA  (-PSI MT) 

(CD) 

jPROH -90 TO 90 IN STEPS OF 5 DEG 
;IVT- 5 DEG 

CDVILO: EXP  1.30, 1.19. 1.10, 1.01, 0.93, 0.84, 0.76, 0.69, 0.61 
EXP  0.53, 0.47, 0.40, 0.34. 0.29, 0.24, 0.20, 0.16, 0.14, 0.11 
EXP  0.09, 0.10, 0.10, 0.11, 0.12, 0.15, 0.18, 0.23, 0.29 
EXP 0.36, 0.45, 0.55, 0.66, 0.80, 0.93, 1.05, 1.16, l.iO 

ROTOR INTERFERENCE ON THE VERTICAL TAIL Hl (HRPA 

/••ROTOR DOMNMASH ON V.T.  EKXVT  CH-53E" 
/UPDATED 8-21-87 

EXV1HP: :BIVM 
EXP   CBI-»HRM,AA1FHRM 
ERXV1II 
EXV1LO 

EXP  0.0,100.0.10.0,13 
EXP -6.0,6.0,6.0 

.ALF--6 
EXV1LO:  EXP  -0.70, -0.77,  -0.88, -0.93,  1.15,  1.36 

EXP  1.62.  1.52.   0.58.  :.0.   0.0 

jALF-0 DFG 
EXP  -0.65.  -0.88,  -0.94,  -0.98.  -0.97 
EXP  -0.78,  -0.51.   2.84.   1.80,   1.80 

-0.91 

;ALF m  6 DEG 
EXP  -0.73,  -0.75.  -0.77,  -0.77.  -0.73 
EXP  -0.55,  -0.38,  -0.15.   1.10.   1.10 

-0.67 
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TABLE C-l.     CH-53E SPECIFIC FILE (Cont'd) 

»••ROTOR DOWNWASH ON V.T. 
»UPDATED 8-21-87 

EKZVT  CH-53E«# 

EZV1HP::BIVtt 
EXP   CHIPHRM.AAIFRRI« 
EKZV1M 
E2V1L0 

EX1 0.0, 100.0, 10.0, 13 
EXP -6.0, 6.0, 6.0 

EZV1L0:: 
EXP 

EX. 
EXP 

EXP 

EXP 
1.45, 

-0.10 
1.37 

0.12, 
1.29, 

-0.26 
0.64, 

0.08 
1.80, 

0.27, 
1.32, 

;ALr - -6 
-0.07,  0.12, 

0.0,  0.0 
0.40,  2.65,  2.33 2.00 

;ALF-0 DEG 
0.26,  0.48,  0.72, 
0.50, r   50 

;ALP - 6 DEG 
0.42.  0.58.  0.76, 
1.18,  1.18 

0.97, i.,a 

0.95,  1.14 

FUSELAGE INTERFERENCE ON VERTICAL TAIL HI (*»FPA) ••• 

»•^DYNAMIC PRESSURE RATIO AT V.T.  CH-53E*« 

QVi:iP: :CONSTM 
(C.9J 

QVlQWFM 

EPVlHP::CONSTM 
EPSH1M 
EPSV1II 

SGVINP::CONST«# 
[•1.00] 
SIGV1M 

;A CONSTANT VALUE IS USED 
;EQUAL TO 0.9 REV 6-15-79 

»••FUSELAGE DOWNWASH ON VERTICAL TAIL CH-53f 

;A VALUE IS USED WHICH IS 
;EQUAL TO THE HORIZONTAL TAIL 

;••FUSELAGE SIDEVASH ON VERTICAL TAIL CH-53E-* 

»A CONSTANT VALUE IS USED     (SG-SIGHA) 
»EQUAL TO »1.00  REV 8-21-87 
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TABLE C-l.    CH-53E SPECIFIC FILE (Cont'd) 

i INPUT PARAMETERS FOR TAIL ROTOR (IA) - (BAILEY) 

RTR::    10.0 ;RAEIUS,FT 
ONEGTR:: 73.205 ;TRIH ROTATIONAL RATE,RAD/SEC t 100% HAIN ROTOR SPEED 
BTR::     4.0 ;ACTUAL NUHBER OF BLADES 
FSTR::  930.7 ;FUSELAGE STATION,IN 
WLTR::  289.9 ;WATERLINC STATION ,IN 
BLTR::   80.36 ;BUTTLINE STATION,IN(*Vt TO PORT) 
TWSTTR:: -8.0 jBLADE TWIST,DATUH CENTER OF ROTATION,DEG 
BlASTRxt  0.0 ;BLADE PITCB CORRECTION, N.L.TWIST (NEG REDUCES PITCH) 
GAHTR::  70.0 {TAIL ROTOR CANT ANGLE,DEG 
DEL3TR:: 45.0 ;FLAPPING HINGE OFFSET ANGLE,DEC 
DELTTR::0.0005 ;RATE OF CHANGE OF CONE ANGLI WITH THRUST,DEG/LB 
CHRDTR::1.283 ;BLADE CHORD,FT 
ATR::     5.73 jBLADE LIFT CURVE SLOPE,1/RAD 
BTLTR::   0.92 {BLADE TIP LOSS FACTOR 
CDTR::    2.0 .-TAIL ROTOR HEAD DRAG,FT**2 

;FOR TRB 
IBTR::    38.22 ;BLADE HOHENT OF INERTIA ABOUT HINGE,SLUG-FT**2 
DRD0TR:: 0.00B7 ;BLADE SECTION DRAG COEFFICIENT, WHERE 
DRDlTR::-0.0216 ;CD-DRD0TR*DRD1TR*ALFA*DRD2TR*ALFA**2 
DRD2TR:: 1.425 ;1.187 FOR 100% NR CH-53E 
DROTTR:: -1.0 »DIRECTION OF ROTATION,(-»-UPPER TIP AFT 

;FOR TRCFAL.HAC 
IRTR::  183.43 ;FOR DRIVE LOSS 

; FOR DOWNWA5H LAG 
TAUDTR::0.01038 ; TIHE CONSTANT SÄHE AS HAIN ROTOR 

." RAIN ROTOR  INTERFERENCE  ON THE TAIL ROTOR   (HRPA) 

;**HAIN  ROTOR  DOWNWASH ON  TR     EKXTR     CH-53E«* 
.-••UPDATED  8-21-87 

XXTRHP::BIVI« 
EXP   CHIPNRM.AA1PHRM 
EKXTR«• 
EXTRLO 

EXP   0.0,   100.0,10.0,13 
EXP  -6.0,6.0,6.0 

;ALF • -6 
EXTRLO:   EXP  -0.48,  -0.53,  -0.56, 

EXP  -0.34,   2.59.   1.85,   1.85 
-0.62,  -0.63,  -0.61,  -0.52 

;ALF - 0 
EXP  -0.46,  -0.50,  -0.54,  -0.56 
EXP  -0.34,  -0.15,   0.03,   0.03 

-0.56,  -0.54.  -0.47 

,-ALF - 6 
EXP  -0.13.  -0.45,  -0.47.  -0.48,  -0.48,  -0.46,  -0.41 
EXP  -0.32.  -0.17,   0.03.   0.03 
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TABLE C-1.     CH-53E SPECIFIC FILE  (Cont'd) 

»••WIN ROTOR DOWNWASH ON TR  EKZTR  CH-53E** 
;UPDATED 8-21-37 

EZTRHP::BIV|I 
EXP CHIPHRtl.AAlFMRM 
EKZTR4I 
EZTRLO 

EXP 0.0,100.0,10.0,13 
EXP -6.0,6.0,6.0 

;ALF- -6 
EZTRLO:    EXP  0.0,  0.09,  0.22,  0.38,  0.57.  0.80,  .1.02 

EXP  1.16,  1.14,  0.90,  0.90 

;ALr - 0 
EXP  0.0,  0.14,  0.25.  0.38.  0.54.  0.73,  0.92 
EXP  1.10,  1.14,  0.95.  C.95 

;ALF- 6 DEG 
EXP  0.0,  0.17,  0.26,  0.37,  0.49,  0.64,  0.60 
EXP  0.97.  1.10,  0.98.  0.98 

FUSELAGE INTERFERENCE ON TAIL ROTOR (WFPA) ••••»• 

.-••DYNAMIC PRESSURE RATIO AT T.R.  CH-53E** 

QTRMP::CONST!I 
QVIQWFII 
QTRQWFM 

;A VALUE IS USED WHICH IS 
;EQUAL TO TH* VERTICAL TAIL 

••FUSELAGE DOWNWASH ON TAIL ROTOR CH-5 3E»* 

EPTRHP: :CONSTM 
EPSV1M 
EPSTRM 

;A VALUE IS USED WHICH IS 
:EQUAL TO THE VERTICAL TAIL 

SGTRKT : :CONSTM 
SIGV1M 
SIGTfcM 

;**FUSELAGE SIDEKASH ON TAIL ROTOR CH-53E«« 

A VALUE IS USZD WHICH is 
:EQUAL TJ THE VERTICAL TAIL 

VERTICAL TAIL INTERFERENCE ON TAIL ROTOR INFLOW 

VBVTTR:: «0.0 
RBVTTR::  0.862 

; AIRSPEED >?rAK PT. - NO BLOCKAGE ABOVE,KT. 
; TAIL ROTOR BLOCKAGE COEF. AT HOVER 
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TABU C-l.    CH-53E SPECIFIC TILE (Cont'd) 

INPUT ?A 

rSCG:: 35S.0 
WLCG:: 162.3 
BLCG:: 0.0 

WEIGHT: : 46000.0 
IX:: 60539.0 
IY:: 296694.0 
12:: 275834.0 
IXZ: : 23343.0 
IXY:: 0.0 
IY2:: 0.0 

INPUT PA 

INPUT PARAMETERS POR EQUATIONS OP HOTION («A) 

; FUSELAGE STATION,OP Co., INCH 
; WATERLINE STATION OF CG.,INCH 
; BUTTLINE STATION OP CG. .XMCIH+VE TO PORT) 

; AIRCRAFT GROSS WEIGHT,LBS. 
; INERTIA ABOUT BODY X-AXIS.SLUG-FT**2 
; INERTIA ABOUT BODY Y AXIS,SLUG-FT**2 
; INERTIA ABOUT BODY Z AXIS,SLUG-FT**2 
; CROSS COUPLING INERTIA,SLUG-FT*•2 

INPUT PARAMETERS ?OR NOASE («A! 

••NO MIXING AND NO PBA •• 

A1SUL:: 10.2 
A1SLL:: -9.8 
B1SÜL:: 18.0 
B1SLL:: -8.0 
TH0UL::22.047 
TH0LL:;4.447 
THRUL:: 24.0 
THRLL::-10.Q 

XAUL: 
XALL: 
XBUL: 
XBLL: 
XCUL: 
XCLL: 

9.25 
0.0 

8.956 
0.0 

11.0 
0.0 

XPUL:: 4.173 

; A1S UPPER LIMIT,RIG COLL AND FED 
; A1S LOWER LIMIT 
; BIS UPPER LIMIT,RIG COLL AND FED 
; BIS LOWER LIMIT 

; THETA0 UPPER LIMIT,THETA.75U - 14.6 
; THETA0 LOWER LIMIT,THETA.75L - -3.0 
; TRETTR UPPER LIKIT, RIG COLL 
; THETTR LOWER LIMIT, RIG COLL 

XPLL:: 0.0 

LAT STICK UPPER LIMIT 
LAT STICK LOWER LIMIT 
LONG STCK UPPER LIMIT, PBA CENTERED (0 AT 120 KN! 
LONG STCK LOWER LIMIT 
COLL STCK UPPER LIMIT, WITH INACTIVE 1 INCH 
COLL STCK LOWER LIMIT 
PEDAL UPPER LIMIT, NO OVERTRAVEL 
PEDAL LOWER LIMIT 
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Figur« C-l  CH-53E Tlir»«-Vi«w Drawing 
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Figure C-2.  CH-53E Main Rotor ftlada Twl»t Map 
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Figur« C-3.     CH-53E Fu.el.fce Uft lUp 
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Figur« C-5.  "H-b3E Fuselag« Pitching Hoaenc Rap 
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Figur« C-i.     CH-53E Fuaalag« OmltM Lift Map 
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Figur« C-7.     CH-53E Fu»«l«g« D«lta Drag Kap 
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Figur» C-t.     CH-53E Fu»el*se  D«lU» Pitching Hornet Hap 
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Figure C-9.     CH-53E Fuselage Sldaforce lUp 
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Figur« C-10.     CH-53E  Fu»«lAge tolling HoMnt lUp 
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Figure C-11.  CU-53C Fuselage Yawing Mokant Rap 
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Figur« C-14.  CH-53E Horizontal Tail Lift Kap 
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Figur«  C-15.     CM-53E Horizont«! Till  Dra* H*p 
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Figur« C-16.     CH-53E Hain Rotor Dovnvaah on Horizontal Tall Hap  (x-direction) 
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Figure  C-17.     CH-53E lUln Roter  DovDrash on Horixor.cjil Tail Kap   (x-dlroctlon) 
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Figur* C-U.     CH-S3E FüMlag« Dovnra«h oo BorUootal Tall H*p 
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Figur« C-19.  CH-53E Vertical T»ll Lift Rap 
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Figur« C-20.    CE-53E V«rtlc«) Tail &ra* map 

2** 



2 n
 

M
 8 P ST P S l -1
 Ü r»
 

*»
.'"

r.. 
: 

.; 
s'

*m
m

l&
-i

. 
-
  

  
n

u
n

   
   

fig
iir

fii
iii

ig
rf

(lt
t1

lfi
ir1

l"
 



- 1 

*o.ao        ib oo      20~oo      so.oo      «b.oo      sb.oo      •o'.'oo      ?b.oo      ib.oo      t'o.oo       iWoO 
CM1PKR 

Figur« C-22.  CH-53E Mala fco tor Dovnvuh oo Vertical T*il »Up (s-dlroctlon) 
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Figur«  C-23.     CH-5JE Rain Rotor  Dovwuh on Tall Eotor lUp   (x-direction) 
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rigur« C-24.  CH-53E Halo Rotor Dovavaah on T»il Rotor Hap (r-direction) 
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APPENDIX D 

The AH-64A Apache (Figure D-l) is the U.S. Amy's latest attack helicopter. 
It is a medium-size single-rotor helicopter designed to meet stringent U.S. 
Amy specifications. It is fitted with an extensive avionics suit« including 
a Target Acquisition Designation System and Pilot's Night Vision System 
(TADS/PNVS) and employs a McDonnell Douglas H230 30an turreted gun. The 
Apache was designed to have high levels of maneuverability and agility and to 
b« survlvable in the battlefield environment. Approximately 400 are in 
service vlth the U.S. Amy. The Apache has a BDCV of 14,770 pounds, a rotor 
diameter of 48 feet and is powered by two General Electric T700-CE-701 turbo- 
shaft engines with an IRP of 1698 shp each. 

The four-bladed main rotor is of articulated design. Flapping hinge offset is 
3.8 percent of the rotor radius while the lag hinge is at 12 percent. Hughes 
HH02 airfoil section is used for the main rotor. The four-bladed tail rotor 
is 9 feet 2 inches in diameter and of a scissored configuration. Blade 
spacing Is 55/12S degrees to reduce noise. A 33.4-square-foot stabllator is 
mounted at the base of the vertical fin. 

The fuselage is of conventional aluminum aemimonoque construction. It has a 
narrow width typical of attack helicopters and features tandem seating for the 
pilot and gunner. .e cop Hot/ gunner sits in the front seat while the pilot 
sits in the rear. Small, low aspect ratio wings/stores pylons are fitted to 
each side of the fuselage. These are detachable for transport and storage. 
Flight controls are of conventional hydromechanlcal design but with addltiona1 

features to provide ballistic tolerance. 

Since a GenHel simulation of the Apache did not exist at Sikorsky, the first 
task was to prepare the input data files. Most of the numerical data defining 
the AH-64A were available from Reference 7. These data were converted to fit 
the GenHel format. For example, the fuselage aerodynamics in C-81 are pre- 
sented as a sum of coefficients times various trlgonomecrlc functions of 
angle-of-attack and sideslip angle. In GenHel, simple table look-ups or maps 
.ire used for these data. The GtnHsl awps sre constructed to hav« ev«n incre- 
ments and to have a small angle region with fine Increments and a large angl» 
region with coarser increments. 

While the C-81 approach is more compact, it has limitations. The wind tunnel 
test data must be fitted to the series representation available. in addition, 
the resulting coefficients have no physical significance. Any errors in them 
are not readily detectable by the user. Finally, knowing the coefficient does 
not enable on* to know where the maximum lift point is or when the zero moment 
occur«. The GenHel maps on the other hand, are derived directly from the 
wind tunnel data. All of the characteristics of that data are fully repre 
sented. No "smoothing" or "fitting" is required. More importantly, the irput 
(ar.gle-of-attack) and output (fuselage llft/q) data era lr. normal physical 
units. Any errors in the data are readily date "table by the uatr. The shape 
of the data, points of maximum value, or zero cross-over are readily ava«l- 
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able. In addition to the available C-Bl data, other information was re- 
quired. The effect of fuselage aerodynaalc interference on the empennage 
needed to be aodeled as well as the affect of rotor wake impingement on both 
the fuselage and empennage. Fuselage Interference effects were b*aed on BLACK 
ilAWK data for downvash, aide wash and dynaaic pressure loss. Rotor interfer- 
ence velocities were calculated using an existing Heyson-aethod coaputer cod«. 

The AH-64A control systea was aodeled using data available in References 8, 
9 and 10. Stick to head rigging was represented simply as a gain and a bias. 
The atabilator petitioning logic was based on data provided in Reference D-10. 
Trim correlation with data froa the aaae reference are shown in Figures D-2 to 
D-9. These vere evaluated for the conditions of Figure 16 of Reference 10: 

GV  *» 14,770 pounds 
FSCC - 206.7 
Density Altitude - 10,000 feet 
Rotor Speed » 100 percent 

As can be seen, correlation was very good. Pitch attitude vas generally 
within one degree and stick positions within one-half inch. Stabllator and 
power required data were also judged to have good correlatlc l. 

The SCAS systea was not aodeled as it was not really required for this M/A 
study and a detailed modeling of the systea was beyond the scope of vhe 
current effort. Evaluation of the flight dynaaica was difficult because aost 
of the data were flown SCAS on. One CCAS-off longitudinal pulse was available 
in Reference 10. The CenHel correlation results are presented in Figure D-9. 
The siaulstlon is soaewhat aora responsive than the aircraft, but the frequen- 
cy and amplitudes of the responses are well aatched. 

All of the numerical data used to model the AH-64A are provided in this 
appendix. The first section is a listing ol all the input data (Table D-l). 
The second section presents plots of the aap data for fuselage, vertical tall, 
horizontal tall and vlng/storea support aerodynamics along with plots of the 
rotor Interference end fuselage Interference data (D-9 to D-27). The tabular 
data are provided with appropriate labels. Hap data are identified with 
CenHel variable names provided in the List of Symbol«. 

For the AH-64A model, the panel allocation was aa follows: 

1. Right horltontal tail 
2. Left horizontal tall 
3. Vertical tall 
4. Right wing/atores support 
5. Left wlng/atoree support 
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TABLE D-l.    AH-6AA SPKCIFIC FILI 

;•«•*«• INPUT PARAMETERS POP HAIN ROTOR MODULES («A.) 

PSHR:: 196.61 
WLHR:: 215.94 
BLMR:: 0.0 
RMR: : 24.0 
OMCTHR: :30.2640 
BHR: : 4.0 
ISHR:: -5.0 
ILHR:: 0.0 
DELSHR: :-5.0 
DEL3HR: -.0.0 
KAFlHR: :0.0 
KAF2HR: :0.0 
CHDTMR: :1.75 
CHDRHR: :1.7b 
OFSTHR: :0.917 
SPRLHR: :2.42 
WTBDKR: :156.6 
IBPR:: 1060.4 
HBMR-: 64.36 
TBNO ; ; 943.9 

PTLMR: : .97 
DCDMR-: .002 
NBSHR:: 4 
NSSHR:: 5 

PUSELACE STATION,INCHES 
WATERLINE STATION,INCHES 
BUTTLINE STATION,INCHES UIVE TO PORT) 
RADIUS,FT. 
TRIM ROTATIONAL SPEED,RAD/SEC 
ACTJAL NUMBER OF BLADES 
LONGITUDINAL SHAFT TILT,iPOS.BACKWARDS),DEG 
LATERAL SHAFT TILT,I?OS.STARSOARD),DEG 
SWASHPLATE PHASE ANGLE,DEG 
FLAPPING HINGE OFFSET ANGLE,DEG. 
LAGGING HINGE OFFSET COEF.(FUNC(LG)) 
LAGGING HINGE OFFSET COEF.(FUNClLG**2)) 
BLADE CHORD AT TIP,FT. 
BLADE CHORD AT ROOT,FT. 
HINGE OFFSET,FT. 
HINGE TO START OF BLADE,FT. 
WEIGHT OF ONE BLADE,LBS. 
BLADE MOMENT OF INERTIA ABOUT BINGE,SLUG-FT*«2 
BLADE HASS MOMENT ABOUT HINGE,SLUG-FT 
"«STATING INERTIA OF DRIVE TFAIN 
(DUAL ENGINE FAILURE), SLUG-FT*«2 
BLADE TIP CUT OFF RATIO 
DELTA DRAG COEF. FOR EACH SEGKENT 
NUMBER OF BLADES SIMULATED,FIX POINT 
NUMBER OF SEGMENTS SEMULATED,FIX POINT 

; *•  MAIN ROTOR NON-LINEAR TWIST MAP •• 
; ••     TWIST IS LINEAR ON AH-64A    •• 

TWMRHP: :UVRM 
XSEGMRIC 
TWSTMRM 
TWMRLO 

jHAP ARGUMENT:LOOK 
«•INPUT VARIABLE 
jOUTPUT VARIABLE 
»MAP NAME 

UP ROUTINE 

EXP 0.0,1.0, 0.10 ;LOWER LIMIT,UPPER LIMIT,DELTA 

TWHRLO: EXP 0.00, 0.00,      -1.B0 -2.70. -3.60 
EXP -4.50, -5.40,     -6.30 -7.20, -6.10 
EXP ^9.00 

MAIN ROT 2R DYNAM IC TWIST KUBMODULE ( IJ 

R0TWHP: :UVRM 
VXTM 
R0TVNRM 
R0TWLO 
EXP  100.0,150.0,50.0 

R0TWLO: EXP     -.0003,-.00052 

MAIN ROTOR DOWNWASH SUBMODULE (|A! 

RCTMR 
RCMMR 
RSLMR 
TDW0MR 
TDWCMR 
TDWSMR 

0 
0 
0 
01038 
0 
0 

THRUST GAIN FOR UNIFORM DOWNWASH 
PITCH.MOM.GAIN FOR DOWNWASH SIN.HARMONIC 
ROLL MOM.GAIN FOR DOWNWASH COS.HARMONIC 
TIME CONS1.POR UNIFORM DOWNWASH FILTER.SEC 
TIME COJiST.FOR DOWNWASH S IN . BARMON . Fi LTER . SEC 
TIME CONST.FOR DOWNWASS COS.HARMON.FlLTER,SEC 

»' FLAPPING/LAGGING DAMPER CALCULATIONS (IC) 

XBRMR: 
KBR.MR 

0.0 
0.0 

FLAPPING HINGE SPRING CONST.FT-LBS/XAD 
FLAPPING HINGE DAMPER CO.JST, FT-L*S-SEC/XAD 

••SET OF MOUNTING DIMENSIONS FOR LAG DAMPER.INCBES« • 
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TABLE D~l.    AH-64A SPECIFIC FILE (Cont'd) 

ALDHR:: 0.227 | 
BLDNR:: 1.242 i 
CLDKR:: 12.040 j 
DL9HR:: 10.0102 | 

; RLDHR:: 6.898 
LG0DHR::7.0 
1BI.DNKM17.481 

i   ALIGNMENT OFFSET IN RELATION TO LAG,DEC 
1   FIXED BLADE PITCH RELATIONSHIP BET. ABM AND THCUFF 

j •• BLACK HAWK LAG DAMPER FORCE VS LAG DAMPER ARM BATB 
LDRRHP:tUVSUVSIt 

LD.HR6KA16) 
FLD.HRIKA16) 
LDHRLO 
0.0,2.0,0.1 
LDHRHI 
2.0,7.0,1.0 

EXP 

BXP 

LDKRLO: EXP 
EXP 
EXP 
EXP 
EXP 

;HAP ARGUMENT:LOOK UP ROUTINE 
I INPUT VARIABLE 
»OUTPUT VARIABLE 
ILOW RANGE HAP NAME 
;LOWER LIMIT,UPPER LIMIT,DELTA 
;HIGH RANGE HAP NAME 
;LOWER LIMIT,UPPER LIMIT,DELTA 

; LOW ANGLE HAP: LD.KR 0 TO 2.0 
0.0,      30.0,     90.0, 

490.0, 720.0. 950.0, 
1630.0, 1660.0, 2090.0, 
2770.0, 2980.0, 3200.0, 
3410.0 

, DELTA - .1 
160.0, 260.0 

1190.0, 1400.0 
2310.0, 2530.0 
3310.0, 3370.0 

} HIGH ANGLE HAP: LD.HR 2.0 TO 7.0 , DELTA-1.0 
LDHRHI: EXP   3410.0,    3550.0,    361S.0,    3660.0,    3745.0 

EXP    3815.0 

fSWF:: 
WLWF:: 
BLWF:: 
IWF:: 

INPUT   PARAMETERS   FOB   FUSELAGE/WING   (6A)   **•••« 
MOUNTING  POINT   FOR  MODEL   IK WIND  TUNNEL  •••••• 
206.0 j   FUSELAGE  STATION.IN. 
142.0 ;   WATERLINE   STATION.IN. 
0.0 ;   BUTTLINE  STATION,IN.   (*XVE TO PORT) 
0.0 ;   WING  INCIDENCE,DEC. 

;   ••   AB--6 4A   FUSELAGE   LIFT   (TAIL  OFF)   VS  ALFWF 
LQTHP: :UVRUVRI# 

ALFWFII 
LQfll 
LQFLO 

EXP     -30.0,30.0.5.0 
LOTH! 

EXP     -90.0.9Q.0.10.0 

;MAP ARGUMENT:LOOK UP  ROUTINE 
;INPUT  VARIABLE 
{OUTPUT  VARIABLE 
I LOW  ANGLE   MAP   NAME 
>LO*EB   LIMIT.UPPER  LIMIT,DELTA-LOW ANGLE 
;BIGH   ANGLE   MAP   NAME 
]LOWER  LIMIT.UPPER  LIMIT.DELTA-HIGH  ANGLE 

LQFLO: EXP 
EXP 
EXP 

LQFHI:   EXP 
E*P 
EXP 
EXP 

l   LOW ANGLE  MAP:   ALFWF  -30  TO   30   . 
-45.0, -40.0. -34.0, 
-11.0, -1.0, 12.0, 
56.0, 65.0. 71.0 

;   HIGB  ANGLE  RAP:   ALFWF  -90  TO  90 
0.0, -19.0, -34.0. 

-51.0. -45.0. -34.0. 
25.Ö, 56.0. 71.0, 
64.0, 50.0, 30.0, 

DELTA-5 
-26.0. 
25.0. 

DELTA-10 
-44.0. 
-20.0. 
76.0. 
0.0 

-20.0 
41.0 

-50.0 
-1.0 
74.0 

I   ••  AE-64A  FUSELAGE  DRAG   (TAIL OPF)  VS ALr*T 
DQFMPMBIVBIVM 

EXP 

EXP 
EXP 

EXP 
EXP 

;MAP  ARGUMENT:LOOK  UP  BOUT!HE 
;INPUT VARIABLE  61.   INPUT VARIABLE  62 
{OUTPUT  VARIABLE 
JLOW ANCLE  MAP  NAME 

;LOWER   LIM.UPPER   LIM,DELTA.6ITEMS(OCTA1).ALFWF 
;LOWER   LIMIT.UPPER  LIMIT.DELTA.PSXWF 
IRICB  ANGLE  NAP NAME 

-90.C.90.0,10.0,21   «LOWER   LIM.UPPER  LIM.DELTA.8XTtWS(OCtAL).ALFWF 
-20.9,20.0,10.0 iLOWER  LIMIT,UPPER  LIMIT.DELTA,PSXWF 

ALFWPe«,PSIWF|6 
Dcre« 
DOFLO 
-30.0,30.0.5.0,15 
-20.0,20.0.10.0 
peril 
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TABLE D-l.    AH-64A SPECIFIC FILE (Cont'd) 

f LOW ANGLE  HAP:   A1FWF  -30  TO  30.DELTA-5,   FSIWF—20  TO  *20 
t PSIWF - -20 

DQrLO: *XP 71.0.       68.5,       66.0,       62.0,        56.5 
EXP 57.0.      56.0,      57.0,      58.5,       61.5 
EXP 65.0,      68 0,      70.0 

EXP 
EXP 
EXP 

PSIWF • -10 
66.0, 
36.0. 
52.0, 

62.0, 
35.0, 
60.0. 

54.0 
35.0 
66.0 

45.0 
36.0, 

39.5 
43.0 

EXP 
EXP 
EXP 

t   PSIWf - 0 
61.0, 
28.0, 
45. C, 

56.0, 
27.0, 
56.0, 

45.0, 
27.0, 
62.0 

36.0, 
29.0, 

31.0 
34.0 

I PSIWF - •lO 
EXP 66.C, 62.0, 54.0,      45.0, 
EXP 36.0, 35.0, 35.0,      36.0, 
EXP 52.0, 60.0, 66.0 

39.5 
43.0 

; PSIWP - *20 
EXP 71.0, 68.5, 66.0,      62.0, 
EXP 57.0, 56.0, 57.0,      S6.5, 
EXP 65.0, 68.0, 70.0 

58.5 
61.5 

DQFBI: EXP 
EXP 
EXP 
EXP 

;   BIGB  ANGLE   BAP:   ALFWP  -90   TO  90.DELTA-10,   PSXWP—20  TO  *20 
;   PSIWF - -20 

64.0. 
74.5. 
58.5. 
79.0, 

82.0, 
71.0, 
65.0, 
• 1.0. 

80.0, 
66.0. 
70.0, 
82.0, 

79.0. 
58.5, 
74.0. 
13.0 

77.0 
56.0 
77.0 

EXP 
EXP 
EXP 

PSIWF  -  -10 
84.0, 
71.5, 
36.0. 
78.5. 

82.0, 
66.0, 
52.0, 
61.0, 

60.0. 
54.0. 
66.0, 
• 2.0, 

78.0, 
39.5. 
72.0, 
83. C 

75.0 
35.0 
76.0 

EXP 
EXP 
EXP 
EXP 

PSIWF   - 
64.0, 
69.0. 
29.0, 
78. 0, 

• 2.0. 
61.0. 
45.0, 
• 1.0, 

• 0.0. 
45.0, 
62.0, 
82.0, 

77.0, 
31.0, 
70.5, 
63.0 

73.0 
27.0 
75.0 

I PSIWf   • «10 
EXP 34.0, «2.0, 
EXP 71.5, 66.8, 
EXP 38.0, 52.0, 
EXP 78.5, 61.0, 

• 0.0, 
54.0, 
66.0, 
• 2.0. 

7».0, 
39.5. 
72.0, 
• 3.0 

75.0 
35.0 
76.0 

EXP 
EXP 
EXP 
EXP 

FSIWF  -   «20 
64.0, 
74.5, 
56.5. 
79.0. 

82.0, 
71.0, 
65.0, 
• 1.0, 

«CO. 
66.0, 
70.0, 
• 2.0, 

79.0, 
5«.5, 
74.0. 
• 3.0 

77.0 
56.0 
77.0 

j    ••   AB-64A   FUSELAGE   FITCH   HOHENT   (TAIL   OFF)   VS   ALFWF 
HQPHP: : UVRUVRM 

ALFWF«! 
BOTH 
RQFLO 

E-P     -30.0.30.0.5.0 
HO FBI 

EXP     -90.0.90.C.10.0 

»HAP  AJtGUNENT: LOOK  UP  ROUTINE 
I INPUT  VARIABLE 
»OUTPUT   VARIABLE 
/LOW   ANGLE   HAP   HAHE 
»LOWE*   LXRXT,UPPER  LXBIT,DELTA-LOW  ANGLE 
IBIGB  ANGLE   HAP   NAHE 
»LOWE»   IIHIT.UPPER   LXHXT,DKLTA-BGIB   ANGLE 
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TABU öl.    AH-4U tPICIFIC fUJI (Cont'd) 

HOPLOl IXP 
EX? 
EXP 

BQFHI: CXP 
EXP 
EXP 
EXP 

f LOW ANGLE RAFs ALFWF -JO TO SO , 
-305.0, -290.0, -262.0, 
-102.0, -62.0, -25.0, 

62.0, 87.0; 111.0 

; HIGH ANGLE BAP: ALFWF -90 TO 90 
0.0, -95.0, -180.0, 

-307.0, -305.0, -262.0, 
7.0, 62.0, 110.0, 

150.0, 120.0, 60.0, 

DELTA-5 
-205.0, 

7.0, 

DELTA-10 
-245.0. 
-152.0, 
153.0, 

0.0 

•152.0 
35.0 

•285.0 
-62.0 
163.0 

; •• AI-64A FUSELAGE SIDE FORCE (TAIL OPP) VS PSIWF 
YQPHP::UVRUyR«| 

pszwrti 
YQF6I 
YQFLO 

EXP -30.0,30.0,5.0 
YQFBI 

EXP  -90.0.90.0,10.0 

;AKT  A*GU!«:MIT:LOOE OP ROUTINE 
I INPUT VARIABLE 
»OUTPUT VAIXABLE 
jLON ANGLE HAP NAME 
?LOWER UNIT,UPPER LIHIT.DELTA-LCW ANGLE 
/HIGH ANGLE HAP NAHE 
I LONER LXHXT,UPPER LXRXT,DELTA-IGXI ANGLE 

YQrLO: EXP 
EXP 
EXP 

YQFHI: EXP 
EXP 
EXP 
EXP 

; LOW ANGLE HAP: PSINF -30 TO 30, DELTA-5 
-84.0. -73.0. -60.0,     -45.0, 
-15.0. 0.0. 15.0,      30.0, 
60.0. 73.0, 84.0 

; BIGS ANGLE HAP: PSXWF -90 TO 90. DELTA-10 
0.0, -39.0, -69.0,              -88.0, 

-98.0, -84.0, -60.0,              -30.0, 
30.0. 60.0, 84.0.                98.0, 
91.0, 75.0, 44.0,                  0.0 

-30.0 
45.0 

-96.0 
0.0 

98.0 

NQFHP:rUVRUVHtl 
P6XWFM 
NQFII 
NQFLO 

EXP -30.0.30.0,5.0 
HQ PHI 

EXP  -90.0,90.0,10.0 

} •• AI-64A FUSELAGE YANING HOHENT (TAIL OFF) VS PSXWF 
»RAP ARGUHENT:LOOK UP ROUTINE 
;INPUT VARIABLE 
)OUTPUT VARIABLE 
SLOW ANGLE HAP NÄHE 
{LOWER LIR1T.UPPER LIHIT,DELTA-LOW ANGLE 
/HIGH ANGLE HAP NAHE 
I LOWER LIHIT.UPPEB LIRIT.DELTA-HIGH ANGLE 

NQFLO: 
I   LOW ANGLE HAP: PSIWF -30 TO 30, DELTA-5 

EXP   -510.0, -460.0, -390.0.    -325.0. 
EXP   -125.0, -10.0, 90.0.     185.0. 
EXP    325.0. 36C.0. 415.0 

I BIGB ANGLE HAP: PSIWP -90 TO 90, D2LTA-10 
NQFHI: EXP      0.0. -200.0. -365.0.    -480.0, 

EXP   -550.0. -510.0. -390.0.    -235.0, 
EXP    165.0. 325.0, 415.0,     460.0, 
EXP     360.0, 260.0. 150.0.        0.0 

-235.0 
262.0 

-540.0 
-10.0 
440.0 

J ROTOB  INTERFERENCE  04 THE  FUSLEAGE   (RRPA) 

;   ••   BLACK   EAWR   FORE/AFT  H.R.   DOWNVASR AT   FUSELAGE 
EXWFHP 

EXP 

EXP 
EXP 

BIVII 
ClIPRRlt.AAlFHRII 
EF.XWPH 
EXWFLO 
0.0.100.0,10.0.13 
-6.0.6.0.6.0 

]HAP  ARGUHENT:LOOK LP  ROUTINE 
IINPUT VARIABLE  II.   INPUT   VARIABLE   12 
I OUTPUT VARIABLE 
»LOW  ANGLE  RAP NAHE 
JLOW   LIB.OFFER   LIR.DELTA.•EWTRYS(OCT)-CHI?«B 
ILOW LXR.OFPER  LIH.DELTA-AA1FHR 

I   LOW  ANGLE  RAF  CHIPHR 
I   AAlFHR—6 

KXWFLOiEXP 0.08. 0.18, 
EXP 0.66. 0.79, 

0.0 

0  TO  100   (DEL-1C)   AAlFHR  -6.0.6 

0.3. 
8.9. 

0.41. 
1.03. 

0.55 
0.55 
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TABLE »1.    AH-6AA SPECIFIC FILB (Cont'd) 

EXp 
EX? 

j  AAIPKR-O 
O.C, 
0.54, 
0.0 

0.1, 
0.66, 

0.21 
0.8, 

0.32. 
0.94, 

0.42 
0.5 

EXP 
EXP 

AA1FMR-6 
-0.12, 
0.4, 
0.0 

0.02, 
0.53, 

0.08, 
0.67, 

0.19. 
I;.82, 

0.21 
0.4 

I 

j   ••   BLACR   hAWR   VERTICAL   U.R.   DOKVWASH   AT   FUSELAGE 
EZNfHP 

EXP 

EXP 
EXP 

iftZVtl 
CUIPKRM.AAlFHMI 
EKZWFM 
EZNFLO 
0.0.100.0,10.0,13 
-6.0,6.0.6.0 

»HAP AMGUHENT:LOO* UP ROUTINE 
;INPUT VARIABLE «1, INPUT VARIABLE 12 
»OUTPUT VARIABLE 
;LO« ANGLE HAP NAME 
»LOW  LIH,UPPER  LIM,DELTA, lENTHYSIOCD-CHIPH* 
»LOW LIN,UPPER LlH.DELTA-AAlFHR 

I LOW ANGLE RAP CHIPHR 0 TO 100 (DEL-10 
j AAIPHR —6 

AA1FHP -6,0,6 

EZWFLO:EXP 
EXP 

EXP 
EXP 

fSPl 
NLP1 
BLP1 
SAP1 
GAHPl 
I0P1: 
r?l: : 

EXP 
EXP 

1.11, 
1.04, 
0.6 

; AA1FHR-0 
1.12, 
1.12. 
0.6 

» AA1FHR-6 
1.15, 
1.17, 
0.6 

1.09, 
1.02. 

1.12, 
1.12, 

1.15, 
1.18. 

INPUT PARAMETERS FOR  PANEL II (IA) 

1.08. 
1.01, 

1.0F5, 
1.0. 

1.12. 
1.12, 

1.12, 
1.11. 

1.15. 
1.22. 

1.35. 
1.16. 

1.C5 
0.68 

1.12 
0.96 

1.16 
0.96 

5S2.5 
147.2 
-223 
16.68 
o.n 
i 
l.o 

FUSELAGE STATION,INCH 
WATERLIWE STATION,INCH 
•UTTLINE STATION,INCH (*IVE TO PORT) 
SURFACE AREA OF PANEL IF NOT INCLUDE IN HAP 
PANEL ORIENTATION, DEG 
PANEL INCIDENCE,DEG 
FAIIEL HEAN AERO CHORD, FT 

» •• AH-64A HORIZONTAL STABILIZER < RT PANEL) LIFT COEFFICIENT VS ALFPPl 
j ••* 3-16.68 FT««2 .ASPECT RATI0-3.41.0016 AIRFOIL 

CLP1K.»: :UVHUVRM 
ALFPPlftl 
CLP1II 
CLP1LO 

EXP  -30.0.JO.0.5.0 
CLP1HI 

rxp  -90.0.90.0.10.0 

jHAP ARCUHENT:LOOI UP ROUTINE 
;INPUT VARIABLE 
»OUTPUT VABIABLE 
»LOW ANCLE HAP NAME 
JLOMER LIMIT.UPPER LIHIT.DELTA-LOW ANGLE 
»HIGH ANGLE HAP NAME 
;LOWER LIHIT.UPPER LIHIT. DELYA-HI^.H ANGLE 

; LOW  ANGLE HAP  ALFPP1   -30 TO   30.DELTA-5 
CLP1LO:   CXP -O.0O,                  -0.07, -0.93. -0.80 

EXP -0.29.                     0.00. 0.29. 0.56 
EXP 0.93.                     0.87. 0.60 

•0.58 
0.80 

I B1G1   ANCLE   MAP   ALFPP1 -90   TO   90.DCLTA-10 
CLP1HI:   EXP 0.C0.                -0.14. -0.20,               -0.40 

EXP -0.66.                -0.00. -0.93.                -0.50 
EXP 0.50.                  0.93. 0.60.                  0.66 
EXP C.4C.                  0.28. 0.14                    0.00 

•0.53 
o.to 
0.53 
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TABLE D-l.  AH-64A SPECIFIC FILE (Cont'd) 

t •• AH-64A HORIZONTAL STABILIZER DRAG VS ALFPPl 
CDP1HP: rUVRUVHIl jHAP ARGUHENT:LOOK UP ROUTINE 

ALFPPl«! |INPUT VARIABLE 
CDPlll lOUTPJT VARIABLE 
CDPlLO ;LOW ANGLE KAP NAHE 

EXP  -30.0,30.0,5.0 »LOWER LIHIT,UPPER LIMIT,DELTA 
CDP1HI ;HIGH ANGLE HAP NAItE 

EXP  -90.0,90.0,10.0 ;LOWEr LIMIT,UPPER LIHIT,DELTA 

; LOW ANGLE HAP ALFPPl -30 TO 30.D~I.TA-5 
CDPlLO: EXP     0.343,      0.271, 0.200, 0.105,      0.050 

EXP     0.020,      0.010, 0.020. 0.050.      0.105 
EXP     0.200,      0.271, 0.343 

j HIGH ANGLE HAP ALFPPl -90 TO 90.DELTA-10 
CDF1H1: EXP 1.200,      X.057, 0.914,      0.771,      0.629 

EXP 0.466,      0.343, 0.200,     6.050,      0.010 
EXP 0.050,      0.200, 0.343,     0.466,      0.629 
EXP 0.771,      0.914, 1.057,     1.200 

INPUT PARAMETERS FOR ROTOR INTERFERENCE ON THE HORIZ.TAIL !1 (NRPAl 

I   ** BLACK HAWK FORE/AFT H.R. DOWNWASH AT HOHIXÖNTAL TAIL 
EXP1MP:sBXVt« ;HAP ARGUMENT:LOOK UP ROUTINE 

EXP  CHIPMR!!,AA1FHR!! ;INPUT VARIABLE II, INPUT VAB1ABLE 12 
EKXP1Ü ; OUTPUT VAKIABLE 
EXP1LO ;LOW ANGLE HAP NAME 

EXP  0.0,100.0,10.0,13 ;LOW LIM,UPPER LIM,DELTA,IENTHYS(OCT)-CHIPHR 
EXP  -6.0.6.0,6.0 jLOW LIH,UPPER LIH,DELTA-AA1FHR 

I LOW ANGLE HAP CHIPHR 0 TO 100 (DEL-10) AAlFHR -6,0.6 
j AA1FHR—6 

EXPlLO:EXP       0.0, -0.2.        0.05,       0.3,        0.54 
EXP      0.6, 1.04,      1.3,       1.55.      0.6 

0.0 

; AA1FHR-0 
EXP     -0.4, -0.6,      -0.2.       0.12.      0.36 
EXP       0.6. 0.63.       1.06,       1.3.        0.66 

0.0 

; AA1FMR-6 
EXP      -0.56. -0.6.       -0.74,      -0.32,       0.04 
EXP      0.32, 0.6,       0.66,      1.12,      0.54 

0.0 

» •• BLACK HAWK VERTICAL H.R. DOWNWASH AT HORIZONTAL TAIL 
EZP1MP::BIV|| »HAP AHGUHEMT:LOOK UP ROUTINE                          ,* 

EXP  CNXFKRH.AA1PHRII ; INPUT VARIABLE 61, INPUT VAMIABLE 12 
EKZPltl »OUTPUT VARIABLE 
EZP1LO ;LOW ANGLE MAP NAME 

EXP  0.0.100.0.10.0,13 ;LOW LIM,UPPER LIH. DELTA, IEWTRYS'. OCD-CHIPHR 
EXP  -6.0,6.0,6.0 ;LOW LIM,UPPER LIH.DELTA-AAlFHR 

; LOW ANGLE HAP CHIPHR 0 TO 100 (DEL-10) AAlFHR -6.0,6 
; AAlFHR—6 

EZPlLO:EXP      -0.13. 0.6,        1.6,        1.62.       1.66 
KXP       1.66. 1.91.       1.94.       1.49.       1.42 

1.14 

I AAlFHR«0 
EXP       0.4. 0.94.       1.64.       1.9?.       1.96 
SXP       2.04, 2.06.       2.14.       1.69.       1.62 

1.35 

; AA1FRB-6 
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EXP 
EXP 

0.78, 
2.14. 
1.56 

1.36, 
2.21, 

1.91 
2.28 

1*8, 
2.16, 

2.06 
1.96 

fUSELAGE INTERFERENCE ON TBE BORTZ.TAIL #1 (WFPA) 

; •• AR-64A DYNAMIC PRESSURE RATIO AT HORIZONTAL TAIL VS ALrWP 
QP1HP: rCONSTM ;?IAP ARGUMENT: LOOK UP ROUTINE 

(0.80] 
QPlQWFIt »OUTPUT VARIABLE 

•* MODIFIED BLACK HAWK DOWNWASH ON HORIZONTAI 
•* DUE TO BODY AND STORE SUPPORT WINGS 

TAIL VS AL PUP 

EPHHP: :UVRUVRM 
ALFWFM 

EXP 

EXP 

EPSP1M 
EPP1LO 
-30.0,30.0,5.0 
EPP1HI 
-90.0,90.0,10.0 

»HAP ARGUMENT:LOOK UP ROUTINE 
jI>'PUT VARIABLE 
•OUTPUT VARIABLE 
:LOW ANGLE RAP NAME 
»LOWER LIMIT.UPPER LIMIT,DELTA-LOW ANGLE 
;BIGH ANGLE HAP NAME 
»LOWER LIMIT,UPPER LIMIT.DELTA-HIGH ANGLE 

EPP1LO: 

EPP1HI: 

; LOW ANGLE MAP ALFPPl -30 TO 30 DELTA-5 
EXP 1.30,       0.90,       0.60,      -0.80, 
EXP -1.00,       2.00,       4.00,       3.60. 
EXP 3.20,       2.90,       2.60 

; HIGH ANGLE HAP ALPPP1 -90 TC 90 DELTA-10 
EXP 
KP 
EXP 
EXP 

0.00, 
0.86. 
3.60. 
0.00, 

o.ro, 
1.30, 
3.20, 
0.00. 

00, 
60, 
60, 
00. 

0.00, 
-2.00, 
1.72, 
0.00 

2.00 
3.30 

0.43 
2.00 
0.85 

INPUT PARAMETERS POR  PANEL 12 (IA! 

TSP2: 
WLP2: 
BLP2: 
SAP 2: 
GAMP2 
10P2: 
CP2:: 

552.5 
147.2 
22.3 
16.66 
0.0 
Z 
1.0 

', PUSELAGE STATION. INCH 
| WATERLINE STATION, INCH 
» BUTTLINE STATION,INCH !*IVE TO PORT) 
; 5URPACE AREA OP PANEL X? NOT INCLUDE IN MAP 
; PANEL ORIENTATION. DEC 
; PANEL INCIDENCE.DEC 
; PANEL HEAN AERO CHORD,PT 

i 

• 

I 

: 

•• AH-64A HORIZONTAL STABILIZER (LT PANEL) LITT COEPPICIENT VS ALrPP2 
•• S-16.68 PT««2 .ASPECT RATIO-3.41 ,0018 AXRfOIL 

CLP2MP::UVRUVRM 
ALFPP2M 
CLP2M 
CLP1LO 

EXP  -30.0,30.0,5.0 
CLP1HI 

EXP  -90.0.90.0,10.0 

;HAP ARGUMENT:LOOK UP ROUTINE 
»INPUT VARIABLE 
»OUTPUT VARIABLE 
»LOW ANGLE HAP NAME 
»LOWER LIMIT.UPPER LIMIT,D*LTA 
»H'GH ANGLE HAP NAME 
»LOWER LIMIT.UPPER LIMIT.DELTA 

; •• AH-64A HORIZONTAL STABILIZER DRAG VS ALFPP2 
CDP2MP::UVRUVRM 

ALPPP29I 

EXP 

EXP 

CDP2M 
CDP1LO 
-30.0.30.0.5.9 
CDP1BI 
-90.0.90.0.10.0 

»MAP ARGUMENT:LCOK UP ROUTINE 
»INPUT VARIABLE 
»OUTPUT VARIABLE 
»LOW ANGLE HAP HARE 
»LOWER LIHIT.UPPER LIMIT,DELTA 
»BIGB ANGLE RAP NAME 
»LOWER LIMIT,UPPER LIMIT,D'LTA 

INPUT PARAMETERS POR ROTOR INTERFERENCE ON TBE HORIZ.TAIL 12 IMRPA) 

» •• BLACK 1AW1 PORE/APT R.B. DOWWWASB AT HORIZONTAL TAIL 
BXP2MP:rCONSTM 

luriM 
»HAP ARGUREHT:LOOK UP ROUTINE 
»INPUT VARIABLE 
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TAKLE D-l. AH-64A SPECIFIC ITLK (Cont'd) 

EKXP2M iOUTPUT VARIABLE 

; •* BLACK RANK VERTICAL U.R. DOWNWASH AT HORIZONTAL TAIL 
EZF2HP::CONSTit jHAP ARGUMENTiLOOK UP ROUTINE 

EKZPlIt ;INPUT VARIABLE 
EK7.F2I« .-OUTPUT VARIABLE 

,....*• FUSELAGE INTERFERENCE ON THE BORIS.TAIL 12 (WFPA) 

; •• AB-64A DYNAMIC PRESSURE RATIO AT HORIZONTAL TAIL VS ALTMF 
QP2HP::CONST«• |HAP ARGUMENT:LOOK UP ROUTINE 

QPIOWTI« 
QP20WPH |OUTPUT VARIABLE 

i   •• MODIFIED BLACRHAWK DOWNWASH ON HORIZONTAL TAIL VS ALFWF 
; •• DUE TO BODY 

EPP2HP::CONST«• ;HAP ARGUMENT:LOOK UP ROUTINE 
EPSP1II ;INPUT VARIABLE 
EPFP2I4 ;OUTPUT VARIABLE 

.•««**• INPUT PARAMETERS FO? PANEL «3 («A) ••••••* 

FSP3:: 544.4 j FUSELAGE STATION,INCB 
HLP3:: 189.2 ; MATERLINE STATION,INCH 
BLP3:: 0.0 ; BUTTLINE STATION,INCH 
SAP3:: 32.2 } SURFACE AREA OF PANEL IF NOT INCLUDE IN HAP 
GAHP3:: 90.0 ; PANEL ORIENTATION, DEC 
I0P3:: 0.0 ; PANEL INCIDENCE,DEC 
CP3:: 1.0 j PANEL MEAN AREO CHOKD.PT 

; •• AH-64A VERTICAL STABILIZER LIFT COEFFICIENT VS ALFPP3 
; •• S-32.2 FT««2 «ASPECT RATIO -2.5 .4415 MOD ROOT, 4416 TIP AIRFCIL 

CLP3MP: :UVRUVRM ;HAP ARGUMENT: LOOK UP ROUTINE 
ALFPP3II ;INPUT VARIABLE 
CLPltl |OUTPUT VARIABLE 
CLP3LO ;LOW ANGLE HAP NAME 

EXP  -30.0,30.0,5.0     ;LOWER LIMIT,UPPER LIMIT,DELTA-LOW ANGLE 
CLP3HI jHIGH ANGLE HAP NAME 

EXP  -90.0,90.0,10.0    ;LOWER LIMIT,UPPER LIMIT,DELTA-HIGH ANGLE 

; LOW ANGLE HAP ALFPP3 -30 TO 30,DELTA-5 
CLP3LO:EXP -1.06,     -0.81,     -0.57.      -0.31,      -0.05 

EXP 0.20,       0.45.       0.71,       0.97,        1.19 
EXP 1.34,       1.40.       1.34 

; HIGB ANGLE HAP ALFPP3 -90 TO 90.DELTA-10 
CLP3HI:EXP 0.00,     -0.22, -0.45,      -0.68.      -0.90 

EXP -1.13,     -1.06, -0.57,      -0.05,       0.45 
EXP 0.97,      1.34, 1.34,       1.12,       0.93 
EXP 0.66,      0.45, 0.23,      0.00 

; •• AH-64A VERTICAL STABILIZER DRAG COEFFICIENT VS ALFPP3 
CDP3HP: :UVRUVRM ;HAP ARGUMENT: LOOK UP ROUTINE 

ALFPP3M ;INPUT VARIABLE 
CDP3M »OUTPUT VAMlABLE 
CDP3LO jLOW ANCLE RAP NAHE 

EXP  -30.0.30.0.5.0 .LOWER LIHIT,UPPER LIHIT.DELTA-LOW ANGLE 
CDP3H! .HIGH ANGLE HAP NAME 

EXP  -90.0,90.0.10.0 {LOWER LIMIT.UPPER LIMIT.DELTA-BIGB ANGLE 

; LOW ANGLE HAP ALFPP3 -30 TO 30.DEl.TA-5 
CDP3LO: EXP 0.559.      0.505.      0.310.      0.160.       0.13C 

EXP 0.100.      0.090,      0.100,      0.130,       P.1IC 
EXP 0.310.      0.S05.     0.S59 

j PIG* ANGLE HAP ALFPP3 -90 TO 90.OELTA-10 
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TABLE D-l.    AH-64A SPECIFIC FILE (Cont'd) 

CDP3HX: EXP 
EXP 
EXP 
EXP 

1.200, 
0.665, 
0.130, 
0.879. 

1.093, 
0.559, 
0.310, 
0.986, 

0.986, 
0.31J, 
0.FS9 
1.092, 

0.879, 
0.130, 
0.665, 
1.200 

0.772 
0.090 
0.77? 

;••••*• ROTOR INTERFERENCE ON THE VERTICAL TAIL (HRPA) *•' 

» ** ROTOR EXX-FACTOR ON VERTICAL TAIL HAP ** 

EXP3HP:»CONST!! 
ERXPltl 
EKXP3II 

;HAP ARGUH£HT:LOOK UP ROUTINE 
INPUT VARI9LE 
;OUTPUT V»R1PLE 

}   •« ROTOR EKZ-FACTCR ON VERTICAL TAIL HAP •• 

EZP3HP::CONSTIi 
EKZPl!» 
EKZP3Ü 

;HiP ARGUMENT: LOOK UP ROUTINE 
; INPUT VAJRXBLE 
;OUTPUT VAR BLE 

; 

QP3HP: 

FUSELAGE INTERFERENCE ON THE VERTICAL TAIL (WFPA) *••••• 

; •• AH-64A DYNAMIC PRESSURE RATIO AT VERTICAL TAIL VS PSIWF 

;HAP ARGUHENT:LOO* UP ROUTINE 

;OUTPUT VARIABLE 

; •• BLACK HAHK SIDEWASH ON VERTICAL TAIL VS PSIWF DUE TO BODY 

CONST!! 
10.75) 
QP3QWF!! 

SGP3HP::UVSUVSI* 
PSIWF!« 
SIGP3»! 
IGP3LO 

EXP  0.0.30.0,5.0 
SGP3HX 

EXP  0.0,90.0,30.0 

»HAP ARGUMENT:LC»OK UP ROUTINE 
»INPUT VARIABLE 
»OUTPUT VARIABLE 
»ION ANGLE KAP NAHE 
;LOWER LI HIT. UPPER LIHXT, DELTA-LOW ANGLE 
»HIGH ANGLE HA? NAHE 
»LOWER LIHTT, UPPER LIHXT, DELTA-HIGH ANGLE 

» LOW ANGLS HAP PSIWF 0 TO 30 DELTA-5 
SGP3LO; EXP      0.0,       -0.4,       -0.6, 

EXP     0.6,       0.2 

SGP3HX 
; HIGH ANGLE HAP PSIWF 0 TO 90 DELTA-30 

EXP      0.0.        0.2,        0.0. 
PAGE 

0.8, 

0.0 

1.4 

FSP4:: 

INPUT P 

201.93 
WLP4:: 137.5 
BLP4:: -46.3 
SAP4:: 30.95 
GAHP<:: 0.0 
I0P4:: 6.0 
CP4:: 1.0 

INPUT PARAMETERS FOR  PANEL 14 (IA) 

» FUSELAGE STATION,INCH 
; WATERLINE STATION,iNCH 
» BUTUXNE STATION. INCH UIVE TO PORT) 
t SURFACE AREA OF PANEL if  NOT INCLUDE IN HAP 
» PANEL ORIENTATION, DEC 
I PANEL INCIDENCE.DEC 
» PANEL HEAN AERO CHORD.FT 

» •• AH-64A RIGHT WING LIFT COEFFICIENT  , ALFPP4 
, •• 5-30.95 FT»»2 .ASPECT RATIO-4.6 ,4423 ROOT. 4470 TIP AIRFOIL 

CLP4HP:lUVRUVRll ,HAP ARGUHENT:LOOK UP ROUTINE 
ALFPk-4!! »INPUT VARIABLE 
CLP4Ü •OUTPUT VARIABLE 
CLP4LO »LOW ANGLE HAP NAHE 

EXP  -30.0.30.0,5.0 »LOWER LIHXT.UPPER LI HIT.DELTA-LOW A*JGLE 
CLP4HI »HIGH ANGLE HAP NAME 

EXP  -90.0,90.0,10.0 »LOWER LIHXT, UPPER i.IHXT.DELTA-HIGH ANGLE 

» LOW ANGLE RAP ALFPP' -30 TO 30.DELTA-5 
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TABU D-l.    AH-MA SPECIFIC #UI (Cont'd) 

CLP4L0: EX» 
EXP 
EXP 

-0.68, 
0.07, 
0.60, 

-0.64, 
0.25, 
0.76, 

•0.S0, 
0.43, 
0. 10 

-0.30, 
0.61, 

I HIGH ANGLE MAP ALPPP4 -90 TO 90,DELTA-10 
CLP4IX: EXP 0.00,     -0.11,     -0.22,     -0.33, 

EXP -0.57,     -0.66,     -0.50,     -0.12, 
EXl 0.61,      0.60,      0.70,      0.58, 
EXP 0.35,      0.23,      0.11,      0.00 

1 •• AI-64A EIGHT WINS DRAG VS ALPPP4 

•o.i: 
0.76 

-0.45 
0.25 
0.47 

CDP4RP»:ÜVRUVRt» 
AXFPP4M 
CDP4M 
CDP4LO 

EXP -30.0,30.0,5.0 
COP4HT 

SXP -90.0,90.0,10.0 

jHAP ARGUHENTtLOOK UP ROUTXNB 
I INPUT VARIABLE 
»OUTPUT VARIABLE 
jLOW ANGLE HAP NAHF 
jLOWER LXNZT,UPPER LXHXT,DELTA 
;H1GH ANGLE *AP NAHE 
|LOWER LÄKXT,UPPER LIHIT,DELTA 

} LOW ANGLE HAP ALPPP4 -30 TO 30,DELTA«5 
CDP4LO: EXP 0.428,     0.364,     0.300,     0.235, 

EXP 0.126,     0.100,      0.10*.      0.128, 
EXP 0.234,     0.303,     0.372 

I HIGH ANGLE HAP ALPPP4 -90 TO 90.DELTA-10 
CDP4HI: tXP 1.200,      3.070,      0.943,     0.814, 

EXP 0.557,     0.426,     0.300,     0.171, 
E7.P 0.128.      0.234,     0.372,     0.510, 
EXP 0.786.      0.924,     1.062,     1.200 

0.171 
0.16S 

0.696 
0.100 
0.6«6 

i INPUT PARAMETERS FOR ROTOR INTERFERENCE ON TIE RIGHT WING (NRPA) 

I •* AI-64A PORE/AFT H.R. DOWNWASH AT RIGFT WING 
EXP4HP::CONST!! |HAP ARGUF.ENT: LOOK UP ROUTINE 

SRXWPIt IINPUT VARIABLE 
ERXP4II |OUTPUT VARIABLE 

| •• A1-64A VERTICAL N.R. DOWNWASI AT RIGHT WING 
EZP4HP:sCONST!! iNAP ARGUHENT:LOOK UP ROUTINE 

EF.ZWF!« jINPUT VARIABLE 
EXXP4II iOUTPUT VARIABLE 

r PU8ELAGE INTEPPEPENCE OM THE RIGHT WING (WFPA) •••«•• 

f »• AB-64A DYNAMIC PRESSURE RATIO AT RIGHT WING VS ALFWF 
OP4NP:«CONST!| 

11.01 
QP4l«IP!! 

jfULP ARGUMENTlLOOE UP ROUTINE 

IOUTPUT VARIABLE 

INPUT PARAMETEPS FOR  PANFL !5 (CA)   

FSP5:: 
WLPSn 
SLF5:- 
SAP5:t 
GANP5tt 0.0 
XOPSts 6.0 
CP5:i   1.0 

201.93 
137.5 
46.3 
30. n 

j FUSEL.\GE STATION.INCH 
I WATERLINE STATION.INCH 
I 1UTTLINE STATION,INCH (*JVE TO POHT) 
I SURFACE AREA OF PANEL IF NOT INCLUDE IN 
I t'ANSL ORIENTATION. DEG 
I PANEL INCIDENCE.DEG 
I FANE'. WEAN AERO CEORD.FT 
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;   •• AH-64A LEfT WING LITT COEFFICIENT VS ALFPP5 
: •• S-30.95 FT««2 .ASPECT RATIO-4.6 ,4423 ROOT, 4420 TIP AIRFOIL 

CLP5HP: :UVRUVRt# 
ALFPP5H 

EXP 

UP 

CLPiJM 
CLP4LO 
-30.0,30.0,5.0 
CLP4HI 
-90.0,90.0,10.0 

;HAP ARGUMENT:LOOK UP ROUTINE 
;INPUT VARIABLE 
;OUTPUT VARIABLE 
;LOW ANGLE HAP NAHE 
/LOWER LIMIT,UPPER LIMIT.DELTA-LOW ANGLE 
jHIOH ANGLE KAl NAME 
jLOWER LIMIT,UPPER LIMIT,DELTA-BIGB ANGLE 

I •• AB-64A LEFT WING DRAG VS ALPPP5 
CDP5MP::UVRUVRM 

ALFPP5H 
CDPSM 

EXP 

EXP 

•#•••• 

CDP4LO 
-30.0,30.0,5.0 
CDP4BI 
-90.0,90.0,10.0 

jMAP ARGUMENT:LOOK UP ROUTINE 
;INPUT VARIABLE 
;OUTPUT VARIABLE 
;LOW ANGLE HAP NAME 
;LOWER LIMIT,UPPER LIMIT,DELTA 
;BIGB ANGLE HAP NAME 
;LOWER LIHIT,UPPER LIMIT,DELTA 

INPUT PARAMETERS FOR ROTOR INTERFERENCE ON TBE ttf? WING (MRPA) 

•• AE-64A FORE/AFT H.R. DOWWWASH AT LEFT WING 
EXP5HP:rCONSTII 

EKXWrn 
EKXP5I« 

;KAP ARGUMENT:LOOK UP ROUTINE 
;INPUT VARIABLE 
;OUTPUT VARIABLE 

E2P5HP: 
; •• AB-64A VERTICAL h.R. DOWNWASH AT LEFT WING 

CONST!• 
EKZUFII 
EKZP5M 

;MAP ARGUMENT:LOOK UP ROUTINE 
;INPUT VARIABLE 
;OUTPUT VARIABLE 

FUSELAGE INTERFERENCE ON TBE LEFT WING (WFPA) 

•• AJI«t<A DYNAMIC PRESSURE RATIO AT LEFT WING VS ALFWF 
QP5HP::CONST#4 

QF4Qwr«« 
0P5OWFM 

;MAP ARGUMENT:LOOK UP ROUTINE 
;INPUT VARIABLE 
IOUTPUT VARIABLE 

RTR: : 
0HEG7R 
BTR: : 
fSTR:: 
WLTR:: 
BLTR:: 
TWSTTR 
BIAiTR 
GAMTR: 
DEL3TR 
DELTTR 
CMRDTR 
ATP. : 
BTLTR. 
CDTR:: 
ISTR:: 
DRD0TR 
DRD1TR 
DRD2TR 
DROTTR 

INPUT PARHETERS FOR TAIL ROTOR (4A) - (BAILEY) 

4.5« 
:I 46 . 9 
4.0 
554.«9 
216.25 
-J?-05 

: -R.I 
:: 1.5 
; 90.0 
:35.0 
:.001455 
.1)3 
5.i73 
.92 
0.0 

2.311 
:0.00|7 
:-0.0il* 
:0.4 
i-l.O 

RADIUS.FT 
TRIH ROTATIONAL RATE. RAD/SEC 
ACTUAL N'JiaER OF BLADES 
FUSELAGE STATION.IN 
NATERLINE STATIC  IN 
BUTTLINE tTATION.IN (*IVE TO PORT) 
BLADE T«*I ST. DA TU« CENTER OF ROTATION, DEC 
BLADE PITCH CORRECTION FOR N.L.TVISTCNEG REDUCES PITCH) 
TAIL ROTOR CANT ANGLF-.DEG 
FLAPPING H.'NGE OFFSET ANGLE. DEG 
RATE OF CHANGE OF CONE ANGLE MITR THRUST.DEG/LB 
•LADE CHORD.FT 
•LADE LIFT CURVE SLOPE,1/RAC 
1LADE TIP LOSS FACTOR 
TAIL ROTOR READ DRAG.FT*•2 
T.R.BLADE SECOND ROHENT SLUGS-FT--2 
T.R. BLADE SECTION DRAG COEFF.CD0 
T.R. RLADE SECTION DRAG COEFF.CD1 
T.R. BLADE SECTION DRAG COEFF.CD2 
T.R. ROTATION «1.0 MEANS COUNTER CLOCKN1SE 
WHEN VIEWED FROM PORT SIDE 
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TABLK D-l. AH-64A SPECIFIC FILE (Cont'd) 

ROTOR  XHTERFERNCE  ON TAIL ROTOR   (HRPA) 

KXTRHP:»CONST!! 
EKXP3M 
EUTRtt 

IZTRHP::CONST!! 

EKZPSü 
EXZTRI« 

>•• ROTCR X-FACTOR ON TAIL ROTO* RAF •• 
»RAP ARGUBXNT:LOOR UP ROUTINE 
I INPUT VARIABLE 
fOUTPUT VARIABLE 

!•• ROTOR Z-PACTOR ON TAIL ROTOR RAP •• 
I RAP AROUHENTtLOOX UP ROUTINE 
I INPUT VARIABLE 
»OUTPUT VARIABLE 

PUSELACE INTERFERENCE ON TRE TAIL ROTOR (WPPA) 

QTRHP:t CONST!• 
QP3QWF 
QTRQWFÜ 

EPTRRPlkCONST!! 
ZPSP1Ü 
EPSTRÜ 

SOTRRP::CONSrü 
SIGP3Ü 
SXCTRI! 

!•• TAIL ROTOR DYNAMIC PRESSURE RATIO RAP •• 
jHAP AROUHENTtLOOX UP ROUTINE 
)INPUT VARIABLE 
{OUTPUT VARIABLE 

;•• BODY DOWRWASH ON TAIL ROTOR NAP •• 
{NAP ARGUMENT:LOOK UP ROUTINE 
I INPUT VARIABLE 
IOUTPUT VARIABLE 

••• BODY SIOZNABR ON TAIL ROTOR NAP •• 
/RAP ARGUMENT:LOOR UP ROUTINE 
IINPUT VARZABLE 
IOUTPUT VARIABLE 

J VERTICAI   TAIL  INTERFERRCS ON TAXL ROTOR  INFLOW 

VBVTTRMJO.O 
RBVTTR::0.7t4 

AIRSPEED BRBAE FT.  - NO BLOCKAGE ABOVE.ET. 
TAIL  BOTOR BLOCKAGE  COEF.   AT  ROVER 

?' INPUT PARARETERS FOR EQUATIONS OF NOTION (II) 

FSCGx: 201.0 
WLCGn 142.1 
BLCGit  0.0 

WEIGHTiJ1IJ22.0 
till 2134.1 
lYn 2*444.• 
XZit 24704.J 
XSSn 0.0 
IRYil 0.0 
XYSil 0.0 

I FUSELAGE STATION,OF CG..INCH 
I WATSRLINE STATION OP CO..INCH 
I BUYTLINE STATION OF CO.. INCH UXV1 TO PORT) 

I AIRCRAFT GROSS WR'CRT,LBS. 
I INERTIA ABOUT BODY X-AXIS.SLDO-FT**2 
I INEHTIA A!OUT BODY 1-AXIB.SLUG-FT«*2 
I INERTIA ABOUT BODY l-AXIS.SLOG-PT«*2 
t CROSS COUPLING INERTIA.8LUG«FT*«2 
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JCAÄLE D-l.    AE-64A 5PICIFIC FILE (Cont'd) 

INPUT P 

A1SUL:: 7.0  i 
A1SLL:: -10.5 t 
11SUL:: 20.0  ; 
BiSLL:: -10.0 i 
YHOUL:: 25.9 i 
THOLL:: 9.9  ; 
THRUL:: 36.5 t 
TBRLL:: 4.5  ; 

XACTL:: 9.0  i 
KALL:: 0.0  i 
KBUL: : 10.0  ; 
XBLL:t 0.0  | 
i TULt t 12.0  j 
XCLL-.i 0.0  i 
XPUL:: 4.8  | 
XPLL:: 0.0  ; 

PARAMETERS POB «OASE (SA) 

AIS UPPER LIHXT 
AIS LOWER LIHXT 
BIS UPPER LIHIT 
BIS LOWER LIHIT 
THETAO UPPER LIHIT 
TBETAO LONER LIHIT 
THETTR UPPER LIHIT 
THETTR LONER LIHIT 

LAT STICK UPPER LIHIT 
LAT STiCK LONER LIHIT 
LOr.'G STCK UPPER LIMIT 
LONG STCK LONER LIHIT 
COLL STCR UPPER LIHIT 
COLL STCK LONER LIHIT 
PfDAL UPPER LIHIT 
PEDAL LONER LIHIT 
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Figur« D-11.     AB-44A rUMUp Lift Ump 

278 



lb.00 «Q.CC »0.00 30.00 100.00 

Figur« D-12.     AH-UA Fu».l*i«  Drag K*p 

27* 



-100.00      -»0.00 «0.00 -Woo      0 00 • 0.00 10.00 100 00 

rifur« D-13.    AH-64A Fu»«l**« fltchlng HOOMSC IUp 

210 



«• 

-100.00 -Vo.oo     o'.oo        äo~oo 

Flfura D-14.     AH-64A FYW«!«*« Sldaforc« »Up 

28J 



«0.00 40.00 U.OO    "~"l\» 00 

Figur* D-15.     AH-64A ruaalaf» Twin* t Hap 

212 
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APPENDIX E 

QiLML rtQDEL DATA 

The OH-58A Klowa (Flgura E-1) la a small aircraft originally designad to «eat 
the requirements of the Light Obeervation Helicopter (LOH) competition. This 
requirement arose from experience in Vietnam showing the need for a snail, 
agile platfora to perform combat surveillance and light utility missions. The 
Kiowa has a maximum takeoff gross weight of 30C0 pounds and utilises a 
two-bladed main rotor 35 feet 4 inches in diameter. Power is supplied by a 
single Allison T63-A-700 turboshaft engine with a takeoff rating of 317 shp. 

The main rotor is a classical Ball teetering design, both preconed and under- 
slung. The blades themselves are of conventional construction employing 
aluminum D-spars with aluminum skins over honeycomb. The CenHel simulation 
used 0012 airfoils to model these blades. The tall rotor is also a two- 
bladed, teetering unit, 5 feet 2 inches in diameter. A 9.65-square-foot fixed 
horizontal stabilizer is mounted on the middle of the tail boom. The OH-58A 
airframe is of conventional aluminum semimonocoque design and haa skid-type 
lanulng gear. The CenHel simulation model waa created using data from 
Reference 11. Since the Kiowa employs a teetering rotor, the existing CenHel 
gimballed rotor module was used instead of the articulated one. A Heyson 
downwash program was run with OH-58A parameters to obtain the rotor interfer- 
ence effects on the fuselage and erpennage. 

When the CenHel Oh-58A simulation was first flown, problems were encountered. 
These were treced to coding errors in the gimballed rotor module. Some of the 
coding had been written assuming a four-bladed rotor. These were corrected. 
The model continued to exhibit high two-per-rev vibrations. This is true of 
the actual aircraft, but the mathematically rigid bladea in CenHel and canti- 
lever constraints for lsg and collective bending make them more severe. On 
the actual helicopter the flexibility in the blades reduces these loada. 

The correlation of CenHel to flight teat data for level flight trim is shown 
In Figures E-2 to E-6. Flight test data were taken from Figure 7 of Reference 
12.  Test conditions were: 

CW - 2770 pounds 
FSCC - 111.9 
Density Altitude - 6100 feet 

Collective, letersl snd pedal positions sll show good correlstion, but pitch 
attitude and longitudinal stick sre poor. A significant effort was undertaken 
to Improve these results. Dsts flown st a different e.g. were correlated. 
Verlatlone In rotor snd fuselsg« dovnwaah were tried along with a change to 
stabilizer Incidence. Data of Reference 13 were reviewed. None of these 
slgnlficsntly chsnged the correlstion. A decision wss made to conduct the M/A 
study with the model as shown. 
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All of the numerical data uaed to model the OH-58A are provided in thia 
appendix. The first section is a listing of all the input data (Table E-l). 
The second section presents plots of the map data for fuaelage, vertical tail 
and horizontal ta . aerodynaaics along with plots of the rotor interference 
and fuaelage int« • ference data (Figures E-7 to E-25). The tabular data are 
provided with app opriate labels. Kap data are identified with GenHel vari- 
ables provided in the List of Symbols. 

For the OH-58A mo« el, the panel allocation vas aa follows: 

1. Horizontal tail 
2. None 
3. Vertical tail 
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TABU I-l.    0B-58A SPECIFIC FILE 

»•••••• 

PSHR:: 
WLNR:: 
BLHR:: 
RHR:: 
ONGTHR: 
BHR:: 
ISMR:: 
XLHR:: 
DELSHR: 
DEL3HR: 
KAFlHR: 
RAF2HR: 
CHDTHR: 
CHDRMR: 
OFSTHR: 
SPRLNR: 
WTBDNR: 
IBHRr: 
RBMR:: 
IRNR:: 
BXBO:: 
BTLHR:: 
DCDHR:: 
NBSHR:: 
NSSMR:: 

INPUT PARAHETEXS FOR RAIN ROTOR HODULES <*A) 

106.91 
120.00 
0.0 
17.667 
:37.07 
2.0 
-5.0 
0.0 

: 0.0 
: 0.0 
t 0.0 
: 0.C 
:1.08 
:1.08 
:0.0 
:4.363 
:137.43 
335.8779; 
26.42 
2750.4 
2.5 
.97 
.002 
2 
5 

FUSELAGE STATION,INCHES 
•» NATERLXNE STATION,IHCHES 
BUTTLXNE STATION,INCHES (•XVt TO PORT) 
RADIUS.PT. 
TRIM ROTATIONAL 5PEED,RAD/SEC 
ACTUAL NUMBER OT BLADES 
LONGITUDINAL SHArt TILT,(POS.BACKWARDS),DEG 
LATERAL SHAPT TILT,(POS.STARBOARD),DEC 
••  SHWASHPLATE PRASE ANGLE,DEG 
FLAPPING HINGE OFFSET ANGLE,DEC. 
•• LAGGING HINGE OFFSET COEF. ( FrTNC( LG)) 
•• LAGGING BINGE OFFSET COEF.(FUNC(LG**2)) 
BLADl CHORD AT TIP,FT. 
BLADE CHORD AT ROOT,FT. 
•• HT GE OrFSET.FT. 
•• HINGE TO START OF BLADE,FT. 
WEIGHT OF ONE BLADE,LBS. 
•• BLADE ROHENT OF INERTIA ABOUT HINGE,SLUG-FT*«2 
•• BLADE MASS MOMENT ABOU* HINGE,SLUG-FT**2 
•• POTOR POLAR ROM OF XNERTA (LESS BLADES),SLUG-FT*«2 
•• PRECONE POR GIHBAL ROTOR 
BLADE TIP CUT OFF RATIO 
DELTA DRAG COEF. FOR EACB SEGMENT 
NUMBER OP BLADES SIMULATED,FIX POINT 
NUMBER OF SEGMENTS SIMULATED.FIX POINT 

TWHRHP::UVRM 
XSEGHRH 

EXP 

TWSTHRtl 
TWNRLO 
0.0,1.0,.50 

TWNRLO: EXP 

; •• RAIN ROTOR LINEAR TWIST RAP •• 
I HAP LOOK UP HARE 
; INPUT VARIABLE NAME 
; OUTPUT VARIABLE HARE 
I HAP HARE 
; LOWER LXH,UPPER LIH,DELTA 

0.0,   -5.3, -10.6 

r RAIN ROTOR DOWNWASB SUBMODULE (#A) 

ECTHR:: 
KCHHR:i 
I JLMR:: 
1JW0RR: 
TDWCMR: 
TDWSMR: 

1.0 
0.0 
0.0 
01038 
0.0 
0.0 

THRUST GAIN POR UNIPORR DOWNWASB 
PITCB.MOM.GAIN FOR DOWNWASH SIN.HARMONIC 

I ROLL ROM.GAIN FOR DOWNWASH COS.HARRONIC 
; TIRE CONST.FOR UNIPORR DOWNWASH FILTER.SEC 
; TIME CONST.FOR DOWNWASH SIN.HARMON.PILTER,SEC. 
I TIME CONST.FOR DOWNWASH COS.HARMON.FILTER,SEC. 

PSWP:: 
WLWF:: 
BLWr:: 
IWf: : 

INPUT PARAMETERS FOR FUSELAGE («A) •••••• 
ROUNTING POINT POR RODEL IN WIND TUNNEL •••••• 
114.2 ; FUSELAGE STATION,IN. 
58.2 i WATERLINE STATION.IN. 
0.0 ; BUTTLINE STATION.IN. (*IVE TO PORT) 
0.0 ; WING INCIDENCE,DEC. 

LQPHP: 

EXP 

UVRUVRM 
ALFWPII 
LQP49 
LQTLO 
-20.0,: 
LQfHI 

4.0 

!•• FUSELAGE LIFT (TAIL-OFP) VS ALFWP RAP •• 
;MAP LOOK UP ROUTINE 
.INPUT VARIABLE 
;OUTPUT VARIABLE 
;LOW ANGLt MAP KAMI 
.LOWER LIM.UPPER LIN,DELTA 
iBICH ANGLE MAP NAHE 

EXP -100.0,100.0,20.0  jLOWER LIM.UPPER LIN.DELTA 

| LOW ANGLE RAP ALFWP -2 0 TO 20. DELTA • 4 
LQFLO:  EXP     -9.16,     -7.71.     -6.27,      -4.65, -2.95 
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TABU 1-1.    CH-58A SPECIFIC TOI (Cont'd) 

IXP 
EZP 

LQFBI: EXP 
EXP 
EXP 

1.20. 
7.04 

0.56, 2.10, 1.96. S.S7 

; HIGH AHGLE MAP ALPWP -100 TO 100, DELTA • 20 
4.27, -4.35, -11.21, -13.11, -9.16 

-1.20, 7.04, 11.70, 10.61, 4.27 
-4.34 

DOPHPtt  UVRUVRM 
ALFWFtft 
DQFI6 
DQFLO 

EXP   -20.0.20.0,2.0 
D0PI2 

EXP -100.0.100.0,20.0 

f*» PU5ELAGE DRAG (TAXL-OPP) VI ALPWP •• 
fHAP LOOK UP ROUTINE 
; INPUT VARIABLE 
IOUTPUT VAJUABLE 
{LOW ANGLE RAP NAHE 
I LOWER LIN,UPPER LIN,DELTA 
;IIGI ANGLE RAP NAHE 
;LOWER LIN,UPPER LIN,DELTA 

DOTLO: EXP 
EXP 
EXP 
EXP 

i   LOW ANGLE NAP ALPWP -20 TO 20, DELTA - 2 DEG 
11.1470. 
7.3268, 
6.0000, 
7.3268, 

11.1470 

10.2016, 
6.8522, 
6.0536, 
7.9020, 

9.3429, 
6.4108, 
6.2141, 
6.5752, 

1.5752, 
6.2141, 
6.4608, 
9.3429. 

7.9020 
6.0536 
6.8522 

10.2016 

DQFRXi EXP 
EXP 

;   HIGH  ANGLE  KAP ALFWF  -100  TO  100   ,   DEL  •  20  DEG 
46.6732,       46.6732,       39.0000,     24.1797,       11.1470 
6.0000,       11.1470,       24.1797,     39.0000.       46.6722 

48.6732 

MCTHP::   UVRUVRM 
ALFWFIf 
NQPM 
RQFLO 

EXP     -20.0,20.0,2.0 
HOPS! 

;•»FUSELAGE  PITCH   NOR   (TAIL-OFF)   Vf  ALFWP  •< 
I RAP  LOOK  UP  ROUTINE 
{INPUT  VARIABLE 
jOUTPUT  VAXIABLE 
(LOW ANGLE  RAP  HARE 
I LOWER   LIR,UPPER  LIR,DELTA 
,-HIGH ANGLE HAP NAHE 

EXP -100.0,100.0,20.0  {LOWER LIR,UPPER LIR,DELTA 

RQFLO: EXP 
EXP 
EXP 
EXP 

I   LOW  ANGLE  RAP ALFWP   FROR  -20  TO  20.   DELTA 
-125.0000,   -115.9500,   -106.6900.     -97.6400, 
-79.7330,     -72.5064,     -65.1337,     -57.6507, 
-42.5000,     -34.9062,     -27.3493,     -19.6663. 
-5.2670. 3.7660,       12.6400.       24.1900, 
40.0000 

2   DEG 
-96.7900 
-50.0936 
-12.4936 

30.9500 

RQFII :     EXP 
EXP 

;   HIGH   ANGLE  RAP  ALFWP   FROR  -100  TO  100.   DELTA   -   20  DEG 
-364.5000,   -364.6400.   -274.4600,   -200.0000,  -125.0000 
-42.5000,       40.0000,     115.0000,     169.4766.     279.6393 
299.5C54 

DDQPHP::UVPUVl#t 
PSXWF4I 
DDOF06 
DDOPLO 

EXP -20.0,20.0,4.0 
DDQFIX 

EXP     -100.0.100.0.20.0 

;•*   FUSELAGE  DELTA  DRAG VS   PSIWF   •• 
I RAP  LOOK  UP  ROUTINE 
{INPUT   VARIABLE 
{OUTPUT  VARIABLE 
{LOW  ANGLE   RAP   HAKE 
{LOWER  LIR.UPPER  LIR,DELTA 
{RICH   ANGLE  RAP  NAHE 
{LOWER   LIR.UPPER   LIR.DELTA 

DDQPLO: EIP 
EXP 
EXP 

DDOFIX:    EXP 

;LOW ANGLE RAP   PSIWF   FROR  -20 TO  20.   DELTA  •   4   DEG 
6.31. 4.10.              2.33. 1.04.              0.26 
0.00. 0.26.              1.04. 2.33.               4.10 
6.31. 

I   IIGfc   ANGLE  RAP  PSIWF  FROR -100  TO  100,   DELTA •  20  DEG 
52.40. 52.40. 40.50. 22.10. 6.31 
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TABLX 1-1.    CH-58A SPECIFIC FILE (Cont'd) 

EXP 
EXP 

0.00, 
52.40 

«.11. 22.30. 40.5P. S5.40 

Df.QPHP: :BIVBIV«t 
EXP 

EXP 
EXP 

PSIWF4«,ALFWFII 
DHCFt« 
DHQrLO 

!••   PUS.   DELTA  PITCH  HOHENT V8   PSXWP  •• 
;RAP  LOOK  UP  ROUTINE 
; INPUT  VAX 11, INPUT   VAP.I* 
;OUTPUT  VARIABLE 
;LOW ANCLE  HAP  NAME 

-20.0,20.0,4.0,*DlljLOWER  LI«,UPPER  LIH,DELTA,•ITEMS   PSIWP 
-10.0,10.0,10.0 jLOWER  LIU,UPPER  LIH.DELTA-HICH ANCLE 

DNQFKI |HIGH  ANGLE  HAP  NAHE 
EXP   -100.0,100.0,20.0,*DlljLOWtR  LXH,UPPER   LIH,DELTA,tXTEHS  ALFWF 
EXP     -10.0,10.0,10.0 /LOWER  LXH,UPPER  LIH.DELTA-HIGH ANCLE 

»LOW ANCLE  HAP  PSXWP  -20  TO  20   FOR  ALFWF  -10,0,10  DEC 
j ALFWF  •  -10  DEC 

DHQFLO:   EXP 6.67. 4.33, 2.46, 1.10, 0.27 
EXP 0.00, 0.27, 1.10, 2.46, 4.33 
EXP 6.67 

EXP 
EXP 
EXP 

EXP 
EXP 
EXP 

tkLFH?  - 0   DEC 
5.00, 3.23. 
0.00, 0.21, 
5.00 

;ALFWP  - *10   DEC 
0.85, 0.55, 
0.00, 0.03. 
0.65 

1.84, 
0.83, 

0.31, 
0.14, 

0.83, 
1.64, 

0.14, 
0.31, 

0.21 
3.23 

0.03 
0.55 

DHQFHI: EXP 
EXP 
EX? 

;HICH  ANCLE  HAP  PSIWP  -100  TO  100   POR ALPWF  -10,0,10  DEC 
; ALFWF  •  -10   DEG 
55.30, 55.30, 42.80. 23.60, 6.67 

0.0C. 6.67, 23.60. 42.80, 55.30 
55.30 

jALPWP - 0 DEC 
EXP     41.20. 41.20.     31.$9. 
EXP      0.00, 5.00.     17.40. 
EXP      41.20 

17.60, 
31.80, 

5.00 
41.20 

; ALFWF   -10   DEC 
EXP 7.10, 7.10. 5.4'. 3.01. 0.85 
EXP 0.00. 0.85, 3.01. 5.46. 7.10 
EXP 7.10 

YQFHP: :   UVRUVRM 
EXP PSIWFM 

YQF44 
YQFLO 

EXP   -20.0.20.0.2.0 
YQFHI 

EXP   -100.0.100.0.20.0 

!••   FUSELAGE   SIOEPORCE   VS   PSIWP 
;RAP   LOOS  UP   ROUTINE 
2 INPUT   VAXIABLE 
I OUTPUT VARIABLE 
»LOW   ANCLE   HAP   NAHE 
(LOWER LIH.UPPER LIH.DELTA 
;RIGR ANCLE HAP NAHE 
.•LOWER LIH. UPPER LIH.DELTA 

YQFLO: EXP 
EXP 
EJP 
EXP 
EXP 

»LOW ANCLE RAP PSIWP -20 TO 20. DELTA • 2 DEC 
3.57. 
•1.60. 
0.00. 
1.61. 
3.56. 

3.13. 
•1.27. 
0.31. 
1.86. 

-2.72, 
-0.84. 
0.62. 
2.33. 

-2.33 
-0.62 
0.84 
2.72 

-1.86 
• 0.31 
1.27 
3.13 

YQPHXt EXP 
EXP 
EXP 

I HIGH ANCLE HAP PSIWP -100 TO 100, DELTA • 2 DEC 
-38.84,   -30.00.   -16.88. -9.62.    -3.57 

0.00.     1.57.     6.62, 16.8*.    39.OC 
18.64. 
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TABU E-l.    0H-5SA SPECIFIC FILE (Cont'd) 

ROPMP:t UVRUVRM 
ja?       PSIWFM 

ItOPM 
RC.FLO 

F7.P -20.0,20.0,2.0 
RQFBI 

?•« FUSELAGE ROLLING RORENT VI PSIWF •• 
{RAP LOOK UP ROUTINE 
IINPUT VARIABLE 
fOUTPUT VARIABLE 
{LOW ANGLE HAP NAHE 
»LOWER LIM,UPPER LIB,DELTA 
;BIGB ANGLE MAP NAHE 

EXP -100.0.100.0,20.0  {LOWER LIU,UPPER UN,DELTA 

{LOW AMGLE HAP PSIWF FROH -20 TO 20 DEG, DELTA - 2 
RQFLO-  EXP    -16.91,    -15.47,   -13.94.   -12.35, -10.70 

EXP     -9.00,    -7.25,     -5.47,     -2.(6, -1.94 
EXP      0.00,     1.94,      3.96,     5.47, 7.25 
EXP      9.00,    10.70,    12.35,    13.94, 15.46 
EXP     16.91 

lIIGB ANGLE HAP:PSXWF PROH -100 TO 100 DEG, DELTA • 20 
*QFII:  EXP      9.00,    -9.00,    -22.79,    -25.91, -16.91 

EXP      0.00,     16.91.     25.91,     22.79. 9.00 
EXP     -9.00 

NQFHP:: UVRUVRM 
PSXHFM 
M0799 
NQFLO 

EXP -20.0,20.0,2.0 
NQPRI 

;•• FUSELAGE TAWING BOHENT VS PSIWF •• 
{RAP LOOK OP ROUTINE 
I INPUT VARIABLE 
;OUTPUT VARIABLE 
{LOW ANGLE HAP NAHE 
{LOWER LiM,UPPER LXN,DELTA 
{•IGB ANGLE RAP NAHE 

tXP-100.0,1C0.0,20.0   {LOWER LXH,UPPER LXN.DELTA 

NQPLO: EXP 
EXP 
EXP 
EXP 
EXP 

{LOW ANGLE KAP PtlWP -20 TO 20, DELTA • 2 DEG 
-69.65, 
•31.72. 
0.00, 

31.73, 
69.65 

-64.43 
-31.36, 

9.00, 
45.77. 

59.61. -52.44, -45.77 
23.75, -15.94, -1.00 
15.93, 23.75, 31.36 
52.44, ' 59.61, 64.43 

jBIGB ANGLE RAF:PSINF -100 TO 100 DEG, DELTA • 20 
NQFBI:  EXP    270.41.    123.51.     -12.79.    -92.95.     -69.6f 

EXP      0.00.     69.64.     12.95.     12.79.    -123.51 
EXP   -270.41 

}•••••• ROTOR INTERFERENCE ON TBE PUSLEAGE (IIBPA) •••••• 

{•• BOTOR X-PACTOR ON FUSELAGE RAF •• 
EXWFRP::UVR|| 

CBIPRBI9 
EKXWFH 
EXWFLO 

EXP  -20.0.100.0 10.0 

{RAP ARGUMENT:LOOK  UP   ROUTINE 
(INPUT VARIABLE 
{OUTPUT VARIABLE 
|LOW  ANGL  RAF   WARE 
{LOWtB   LIR.UPPEB  LXR,DELTA 

EXWFLO:   EXP 
EXP 
EXP 

-0.15 
0.46 
0.20 

-0.04,                0.09,                0.20, 
0.60,                3.74.                0.99, 

-0.60.             -0.55 

0 
1 

33 
00 

EZWFNP: lUVRM 
CRIPRRII 
XXZWPM 
EXWFLO 

EXP  -20.0,100.0 10.0 

(••   ROTOR   X-FACTOR  OW   FUSELAGE  RAP   • 
{RAP   LOCR   UP   ROUTINE 
{INPUT   VARIABLE 
(OUTPU* VARIABLE 
{LOW  ANGLE  RAP  MARE 
{LOWER   L2R.UPPER   LIR.DELTA 

• 

KZWFLO:   EXP 
EXP 
EXP 

1.20. 
1.25. 
1.15. 

1.21.              1.22.              1.23. 
1.26.              1.27.              1.21. 
1.00.               1   OS 

1 
1 

24 
29 
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TABLE 1-1. 0H-5SA SPXCIFIC FILE (Cont'd) 

!••••• INPUT PARAMETERS FOR PANEL tl (HORIZONTAL) •••••• 
;••••• (QH-58A DATA FRON C-81 LISTING) ••••• 
;••••• <S- ».65 FT*«2, AR- 4.29, TR- 1.0, SWEEP- 0, •- .9) 

PSMtl 258.213 ; FUSELAGE STATION, INCH 
NLP1:: 72.94 ; MATERLINE STATION,INCH 
BLPl:: 0.0 ; BUTTLINE STATION,INCH UIVE TO PORT) 
SAH:: 9.65 ; SURPACE AREA,FT"2 
GANP1:: 0.0 ; PANEL ORIENTATION,DEC 
I0P1:: 0.0 j PANEL INCIDENCE,DEC 
CM II 1.0 } PANEL MEAN AERO CHORD,FT 

»•• HORIZONTAL STABILIZER LIPT VS ALPPP1 •• 
CLPlHP: :UVRUVRH 

ALFPP1II 
CLP1II 
CLP1LO 

EXP -30.0.30.0,5.0 
CLP1HI 

EXP -90.0.90.0,30.0 

I HAP LOOK UP ROUTINE 
{INPUT VARIABLE 
;OUTPUT VARIABLE 
;LOW ANGLE KAP NAHE 
»LOWER LIH,UPPER LIN,DELTA 
»HIGH ANGLE RAP NAME 
SLOWER LIH,UPPER LIH,DELTA 

CLP1LO: EXP 
EXP 
EXP 

CLP1IX: EXP 
EXP 

|LOW ANGLE HAP:ALFPP] -30 TO 30, DELTA - 5 ÜEG 
-0.880.    -0.9i0,    -1.140,    -1.050.    -0.790 
-0.500,    -0.265,    -0.125,     C.010,     0.100 
0.210,    0.310,    0.330 

;IIGH ANGLE RAP:ALPPPl -SO TO 90 DEC. DELTA - 10 DEC 
0.000, -0.439, -0.87a, -0.265, 0.330 
0.165,     0.000 

;*• HORIZONTAL BTABILTiER DRAG VS ALPPPl •• 
CDP1HP::UVRUVRI| 

ALPPP1II 
CDP1II 
CDP1LO 

EXP -30.0,30.0,5.0 
CDP1HX 

EXP -90.0.90.0,30.0 

7 RAP LOOK UP ROUTINE 
I INPUT VARIABLE 
;OUTPUT VARIABLE 
;LOW ANGLE RAP NAHE 
{LOWER LIH,UPPER LIH.DELTA 
I HIGH ANGLE HAP NAHE 
;LOWER LIH,UPPER LIH,DELTA 

CDP1LO: EXP 
EXP 
EXP 

CDP1HI: EXP 
EXP 

{LOW ANGLE HAP ALPPPl -30 TO 30, DELTA • 5 DEC 
0.603.             0.470. 0.338, 0.225, 0.145 
0.105.             0.065, 0.077, 0.065, 0.110 
0.275.             0.409. 0.603 

;H1GH ANGLE RAP:ALPPP1 -90 TO 90 DEC, DELTA • 30 DEG 
1.200,     1.040, 0.603. 0.065. 0.603 
0.940.     1.200 

INPUT PARAMETER POR ROTOR INTERFERENCE ON TIE HORIZ.TAIL II (RRPA) 

{•• ROTOR X-FACTOR ON HORIZONTAL TAIL 
EXP1RP: :BIVM {RAP LOOR UP ROUTINE 
EXP    CMIPflRM.AAlFHRtf {INPUT VARI1. INPUT VARI2 

CRXPltl {OUTPUT VARIABLE 
rXPlLO {RAP NARE 

EXP 0.0.90.0.10.0."D10   {LOWER LIH,UPPER LIH,DELTA 
EXP -10.0.10.0.10.0 .LOWER UR, UPPER LIR. DELIA 

EXP1LO: EXP 
EXP 

jCHIPRR 0 TO 90 DEG FOR AA1FR» -10.0.10 DEG 
{AA1PRR • -10 DEG 

0.15.      0.26.     0.42.     0.56. 
0.93.      1.1«,      1.35.      1.55. 

0.75 
1.75 

SXP 
lAAJFRR - 0 DEG 
-0.20.     -0.08. 0.86 8.22. 0.36 

301 



TABUE E-l.    0B-5ÄA 3FICIFIC Fill (Cont'd) 

IXP 

EXP 
EXP 

0.56, 0.7«, 

jAAiritft •  3 DEG 
-0.53,     -0.42, 
0.14,      0.32, 

0.91. 

-0.30, 
0.54, 

1.21, 

•0.17, 
0.79, 

1.41 

-0.02 
1.01 

EZFlHF::BXV|| 
CBXPHKH 
AAIFHF.H 
EKZP1II 
EZP1LO 

!*• SOTOB Z-PACTOB ON BOBIZOHTAL TAIL HAP •« 
I RAF LOOK UF BOUTINE 
;INPUT VARIABLE «1 
j INPUT VARIABLE 12 
IOUTPUT VABIABLE 
;LON ANCLE HAP NAHE 

EXP 0.0.90.0,10.0,'D10 jLOWER LIH,UPPEB LIR,DELTA,IITEHS 
EXP -10.0,10.0,10.0    ;LOWEB LIH,UPPEB LIR,DELTA AAlPHB 

EZP1LO: EXF 
EXP 

EXP 
EXP 

iCBIPHB 0 TO 90 DEC FOB AAlFKB -10,0,10 DEC 
}AA1FHR • -10 DEC 

1.49. 1.50, 1.S0,     1.51, 
1.50. 1.49, 1.41,     1.47, 

EXP 
EXP 

;AA1FKB • 0 DEC 
1.42.      1.47, 
1.S4.     1.61, 

lAAlFHB - -10 DEC 
1.23.      1.31, 
1.65.      1.74. 

1.51, 
1.72, 

1.39, 
1.B4, 

1.55, 
1.76, 

1.48. 
1.95. 

1.50 
1.46 

1.60 
1.10 

1.56 
2.06 

FUSELAGE INTXBFEBNCE 04 TIE BOBIZ.TAXL  (WPPA) 

QP1HP:: CONST!« 
(o.ao) 
QPlOWFtl 

;•• BOBIZONTAL TAIL DYMANIC PRESSURE BATIO RAF« 
|HAP LOOB UP BOUTINE 

IOUTPUT VABIABLE 

; 

FSF3 
MLP 3 
BLP3 
SAP 3 
GAHP3: 
I0P3:: 
CP3:: 

INPUT  PAXAHETEBS   FOB  PANEL     «3   (VERTICAL  TAIL) 
(S- 9.11  PT"2,  AB-  4.67,   •• 0.9) 

354.6 
• 5.9 
-1.0 
9.11 
90.0 

4.0 
1.0 

CLP3HP: :UV*UVRM 
ALFPP3M 
CLP3M 
CLP3LO 

EXP -30.0.30.0.5.0 
CLP3HX 

EXF -90.0.90.0,30.0 

; FUSELAGE STATION, INCBES 
i «ATEBLINE SYATXON, INCBES 
f BUTTLXNE STATION,XNCB (*IVE TO FORT) 
t SUBFACE AREA.FT*«2 
I PANEL OBXENTATION.DEC 
I PANEL INCIDENCE,DEC 
I PANEL RXAN AXBO CBOBD.PT 

••• VERTICAL STABILIZES LIFT VS AXFPP3 HAP •• 
I HAP LOOK UP BOUTINE 
I INPUT VABIABLE 
;OUTPUT VABIABLE 
iLON ANCLE RAF NAME 
;LOWER LIB.UPPER LIH.DELTA 
«IIGH ANGLE HAP 
JLOWER LIR.UPPEB Lin,DELTA 

CLP3LO: EXP 
EXP 
EXP 

CLP3BI: EXP 
EXF 

CDF3RF: tUVRUVRM 

;LOW ANGLE RAF ALFPP3 -30 TO 30. DELTA • 5 DEG 
-0.">53. -0.790.    -0.775, -0.440.    -0.430 
-0.200, 0.000,     0.225. 0.445,     0.655 
0.775. 0.795.     0.753 

;BICB ANGLE RAP:ALPPP3 -90 TO 90 DEG. DELTA • 30 DEG 
0.000. -0.350. -0.753, 0.000. 0.753 
0.350.     0.000 

!•• VERTICAL STABILIZES DBAG VS ALFPPJ •• 
fRAF LOOK UF ROUTINE 
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TABLE 1-1. OB-58A SPECIFIC FILE (Cont'd) 

ALFPP3M |INPUT VARIABLE 
CDP3M fOUTFUT VARIABLE 
CDF3*0 »LOW ANCLE RAP NAHE 

EXP -30.0.JJ.0,5.0 ;LOWER LIB.UPPER LIU,DELTA 
CDP.'BI ;HICH ANGLE RAP 

EXP -90.0,.0.0,30.0 ;LOWER LIR,UPPER LTS.ScLTA 

;LOW ANGLE RAP KLTfTl  -30 TO 30, DELTA - 5 DEG 
CDP3LO: EXP       0.352,     6.242«    0.160, 0.096,    0.051 

EXP       0.02?,    0.012,    0.022, 0.052,    0.098 
EXP       C.x60,     0.248,     0.352 

JHIG9 ANGLE RAP:ALPPP3 -90 TO 90 DEG, DELTA - 30 DEG 
CDP3HI. EXP       1.200,     0.900,    0.352,     0.012,    0.352 

EXP       0.900,     1.200 

ROTOR INTERFERENCE ON THE VERTICAL TAIL II (RF.PA) 

;•• ROTOR X-FACTOR ON VERTICAL TAIL RAP •* 
EXP3HP: :BIVM ;RAP ARGUHENTrLOOK UP ROUTINE 
EXP     CHIPr.Rlff.AAlFHRII ; INPUT VARIABLE II, INPUT VARIABLE 12 

EKXP3M .'OUTPUT VARIABLE 
EXP3 ;LOW ANGLE HA? NAHE 

EXP  0.0,90.0,10.0,*D10 ;LOWER LIH,UPPER LIR,DELTA,IITEHS 
EXP -10.0.10.0,10.0 ;LOWER LIR,UPPER LIR,DELTA - AAlFHR 

;CHIPHR 0 TO 90 FOR AAlFHP -10,0,10 DEG 
;AAlFHR - -10 DEG 

EXP3: EXP 
EXP 

-0.47,     -0.03, 
1.12,     1.35, 

0.52, 
1.61. 

0.71, 
0.86, 

0.91 
0.00 

EXP 
EXP 

;AAlFHR - 0 DEG 
-0.45,     -0.57, 
0.77,     1.02, 

-0.70, 
1.30, 

0.30, 
1.61, 

0.54 
0.00 

EXP 
EXP 

;AA1PRR - 10 DEG 
-0.57,    -0.65, 
-0.91,    -0.89, 

-0.74, 
-0.78, 

-0.82, 
1.33, 

-0.88 
0.00 

;•• ROTOR Z-PACTOR ON VERTICAL TAIL HAP •• 
EZP3NP::BIV|| ;RAP ARGUHENT:LOOK UP ROUTINE 

INPUT VARIABLE II, INPUT VARIABLE 42 
;OUTPUT VARIABLE 
LOW ANGLE HAP NAHE 
LOWER LIB,UPPER LIB,DELTA,IITEMS 
LOWER LIB,UPPER LIB.DZ-TA  - AAlFHR 

EXP    CHIPHRII.AAlFBRII 
EKZT3M 
EZP3LO 

EXP 0.0,100.0,10.0.*D11 
EXP -10.0,10.0,10.0 

;CRIPBR 0 TO 100 DEG FOR AAlfHR -10.0.10 DEG 
;AA1FHR - -10 DEG 

EZP3LO: EXP -0.15. 0.98, 1 77, 1.77, 1.76 
EXP 1.74, 1.71, 1.68. >.15 
EXP 0.70 

;AAlFHR - 0 DEG 
EXP -0.17, -0.07, 0.09. 1.92, 1.98 
EXP 2.01, 2.03, 2.04. 2.05, 0.34 
EXP 0.25 

jAAlTBR - 3 DEG 
EXP -0.11. -0.01, 0.13, 0.30. 0.53 
rxp 0.82. 1.16. 1.56. 2.45. 2.26 
EXP 0.50 

GE INTERTER ENC! ON TBZ V ERTICAL TA L IA (WrPA 

;•• VERTICAL TAIL DTKAHIC PRESSURE RATIO RAP 
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TABU 1-1. 0H-5SA SPECIFIC FILE (Cont'd) 

QP3HP:: 
KXP 

CONST«• 
11.01 
QP30WF«« 

EPP3HP::CONST«• 
EPSP1«« 
EPSP3«« 

SGP3hP::CONST*! 
SXCP1«« 
SZGP3«« 

(HAP LOOK UP ROUTINE 
«INPUT VARIABLE 
»OUTPUT VARIABLE 

{«« BODY DOWNWASH ON VERTICAL TAIL NAP •• 
{HAP LOOK UP ROUTINE 
I INPUT VARIABLE 
{OUTPUT VARIABLE 

{«•BODY SIDEWASB ON VERTICAL TAIL HAP •• 
;HAP LOOK UP ROUTINE 
;INPUT VARIABLE 
IOUTPUT VARIABLE 

RTR:: 
OHEGTP.: 
8TR:: 
FSTR:: 
WLTR:: 
BLTR:: 
TNSTTR: 
BIASTR: 
GAHTR:: 
DEL3TR: 
DELTTR: 
CBROTR: 
ATR:: 
BTLTRn 
CDTR:: 

.«PUT PARHATERS FOR TAIL ROTOR («A) - (BAILEY) 

2.56333 {RADIUS,FT 
:272.2712{TRIM ROTATIONAL RATE,RAD/SEC 
2.C     {ACTUAL NUMBER OF BLADES 
352.180 {FUSELAGE STATION,IN 
87.177 {WATERLINE STATIONEN 
10.0   {BUTTLINE STATIONEN (*IV* TO PORT) 

:0.0     {BLADE TNI ST, DATUM CENTER Or ROTATION,DEG 
:0.0     {BLADE PITCB CORRECTION FOR N.L.TNIST(NEG REDUCES PITCB) 
-90.0    {TAIL ROTOR CANT ANGLE,DEG 
:0.0     {FLAPPING HTNGE OFFSET ANGLE,DEG 
:0.0     {RATE OF CHANGE CF CONE ANGLE NITB THRUST,DEG/Li 
:.4333   {BLADE CBUAD.FT 
5.7 3    {BLADE LIFT CURVE SLOPE,1/RAD 
.975    {BLADE TIP LOSS FACTOR 
1.0     {TAIL ROTOR HEAD DRAG,FT»«2 

r ROTOR INTERFERNCE ON TAIL ROTOR (HRPA) 

EKTRMPi!CONST«« 
EXXP3H 
EKXTRft« 

EITRMP::CONST«« 
EFZP3M 
EKZTRM 

{•• ROTOR X-FACTOR ON TA.L ROTOR HAP •• 
{HAP LOOK UP ROUTINE 
{INPUT VARIABLE 
{OUTPUT VARIABLE 

{•• ROTOR X-FACTOR ON TAIL ROTOR MAP •• 
{HAP LOOK UP ROUTINE 
{INPUT VARIABLE 
;OUTPUT VARIABLE 

FUSELAGE INTERFERENCE ON TBE TAIL ROTOR (NFPA) 

OTRMP:: CONST«• 
QP3QWP 
QTRQWF«« 

EPTRMP::CONST!• 
EPSP1M 
EPSTRM 

SGTRHPiiCONST«# 
fXGPl«« 
SIGTRM 

I*« TAIL ROTOR DYNAMIC PRESSURE RATIO HAP •• 
{HAP LOOK UP ROUTINE 
:INPUT VARIABLE 
»OUTPUT VARIABLE 

;•• BODY DOWNWAS« ON »AIL ROTOR HAP -• 
;RAP LOOK UP ROUTINE 
.INPUT VARIABLE 
;OUTPUT VARIABLE 

;•• BODY SIDENASH ON TAIL ROTOR HAP •• 
{HAP LOOK UP ROUTINE 
,-INPUT VARIABLE 
{OUTPUT VARIABLE 

VERTICAL TAIL INTERFERENCE ON TAIL ROTOR INFLOW 

VBVTTR::30.0 
KBVTTR::.»95 

) AIRSPEED BREAK PT. - NO BLOCKAGE ABOVE.KT. 
j TAIL ROTOR BLOCKAGE CCEF. AT BOVER 
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TABLE El. OH-58A SPECIFIC FILZ (Cont'd) 

INPUT F 

rSCG:: 109.1 
WLCC:: 55.0 
BLCC:: 0.0 

WEIGHT: : 2790.0 
IX:: 526.0 
IY:: 2460.0 
12:: 2039.0 
IXI:: 356.0 
IY2:: 0.0 
IXY:: 0.0 

INPUT PARAMETERS POP. EQUATIONS OP NOTION (#A) 

; FUSELAGE STATION,OF C.G..INCB 
I WATERLINE STATION OP C.G.,JNCB 
I BUTTLINE STATION OP C.G.,XNCB (•IVt TO POBT) 

; AIRCRArT GROSS WEIGHT,LBS. 
; INERTIA ABOUT BODY X-AXIS,SIUG-FT«*2 
; INEBTIA ABOUT BODY Y-AXIS,SLUG-PT«*2 
; INERTIA ABOUT BODY X-AXIS,SLUG-FT**2 
1   CROSS COUPLING INERTIA,SLUG-FT**2 
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APPENDIX F 

AH-IS H9PEL ^ATA 

The AH-IS Cobra (Figure F-l) is the latest version of this attack helicopter 
in service with the U.S. Army. The original Cobra was developed during 
Vietnam to provide a purpose-built ground attack aircraft. Since that tiaa 
the design has been constantly upgraded and refined. Two basic varslons 
exist. Single-engine variants using upgraded T53 engines for the U.S. Any 
and two-engine types for the U.S. Marine C*»rps. The AH-IS represents th* 
current U.S. Army type and is fitted with a flat-plate canopy, an upgrade4 

T53-L-703 engine, and new composite rotor blades built by Kaaan Aerospace. 
The »ircraft has improved avionics and systems over earlier versions. The 
Cobra has a maximum takeoff gross weight of 10,000 pounds, a rotor diameter of 
44 feet, and is powered by a single Lycoaing T53-L-703 turbcshaft engine with 
an IRP of 1800 shp.  Howe/er, the Main geirbox is Halted to 1290 shp. 

The two-bladed main rotor is a classical Bell teetrrlng design. The blades 
are built by Kaman Aerospace Corporation and are of composite construction 
with a multi-cell, ballistically tolerant spar. Th*» chord is a constant 30 
Inches up to the 85 percent radius polrt where it has a linear taper to ten 
inches at the tip. Built-in twist is a linear ten degrees. A Boeing VR-7 
airfoil is used over most of the blade transitlonlng to a VR-8 outboard. The 
AH-IS tall rotor is a two-bladed unit 8 feet 6 inches in diameter, mounted MM 

a tractor. A 15.1-square-foot stabilizer is mounted in the middle of the tall 
boom and mechanically connected to the longitudinal stick. 

The GenHel simulation model was created using the data from References 14 to 
17. This model used the same corrected gimballed rotor file used for the 
OH-58A. Trim correlation data are shown in Figures F-2 to F-7. The flight 
test data were taken from Figure 26 of Reference 15.  Test conditions were: 

CV - 8120 pounds 
FSCC - 193.9 
Density Altitude - 2200 feet 
Rotor Speed - 324 RPM 

Overall, the correlation of GenHel to flight was very good. Longitudinal 
stick had a one-half Inch forward bias and GenHel showed one-inch more pedal 
at 140 knots. 

All of the numerical data used to model the AH-IS are provided in this appen- 
dix. The first sectlot. is a tabular listing of all the input data (Table 
F-l). The second section presents plots of the map data for fuselage, 
vertical tall, horizontal tall, and wing/stores upport aerodynamics along 
with plots of the rotor Interference and fuselage interference data (Figures 
F-8 to F-27). The tabular data are provided with appropriate labels. Nap 
data are identified wirh CenHel variables provided In the List of Symbols. 

331 



For tha AH-1S «odel, the panel allocation waa aa followa: 

1. Horizontal tall 
2. None 
3. Vertical tall 

332 



TABLE F-l. AH-IS SPECIFIC FILE 

,««•••« INPUT PARAMETERS POR MAIN ROTOR NODULES (IA) ••*••• 
,»••»•« DA1A  PRON Cai TO SUPPORT AH-1G AIRCRAFT USED POR AH-18 ••• 

FSHR:: 
WLKR:: 
BLHR:: 
MR:: 
OMSTHR 
BMR: : 
ISHR:: 
ILMR:: 
DELSKR 
DEL3MR 
RAF1MR 
KAF2MR 
CBDTHK 
CHDRMR 
OFSTMR 
S»RLHR 
wraoKft 
IB«* 
RBH2 
;R«R 
BIZO 

BTLBR 
DCDHF 
NBSHR 
NSSHR 

TWMMP 

200.00 
152.^6 
0.0 
21.00 
:J3 93 
2.0 
CO 
CO 

: 0.0 
: 0.0 
: CO 
: CO 
: l.e 
: 3.09 
:0.0 
::4.CC4 
:*75.6 
i3es es 
IOC 55 
2750.4 
2.75 
.V7 
.CC2 
2 

FUSELAGE STATION,INCHES 
WATERLINE STATION,INCHES 
BUTTLINE STATION,INCHES (+IVE TO PORT) 
RADIUS,FT. 
TRIM ROTATIONAL SPLED,RAD/SEC 
ACTUAL NUMBER OY   BLADES 
LONGITUDINAL SPArT TILT,(POS.BACKWARDS),DEG 
LATERAL SHAFT TILT,(POS.STARBOARD),DEG 
••  SHWASBPLME FKASE ANGLE,DEG 
FLAPPING HINGE CF?SET ANGLE,DEG. 
** LAGGING BINGE OFFSET COEF.(FUNC(LG)) 
»• LAGGING HXMG8 OFFSET COEF.(FUNC(LG*«»2)) 
BLADE CHORD AT TIP,FT. 
BLADE CHORD AT ROOT,FT. 
•• HING« OFFSET,FT. 
*• HINGE TO START OF BLADE,FT. 
WEIGHT OF ONE BLADE,LBS. 
•• BLADE MOMENT OF INERTIA ABOUT BINGE,SLUG-FT*«2 
•• BLADE «ASS MOMENT ABOUT HINGE, SLUG-FT* "2 
•* ROTOR POLAR HOB OF INERTA (LESS BLADES),SLUG-FT**2 
•• PRECOl.'E FOR GIMBA'. ROTOR 
BLADE TIP CUT OFF RATIO (C81 USES EQUATION FOR G) 
DELTA DRAG COEF. FOR EACH SEGMENT 
NUMBER OF BLADES SIMULATED,FIX POINT 
NUMBER OF SEGMENTS SIMULATED,FIX POINT 

EXP 

:UVR#4 
XSEGMRII 
TWSTKRIt 
TWMRLO 
0.0,1.0,.10 

TWMRLO: EXP 
EXP 
_XP 

0.00 
-4.38 
-9.38 

j •• MAIV ROTOR LINEAR TWIST MAP • • 
; MAP LOOK UP NAME 
j INPUT VARIABLE NAME 
; OUTPUT VARIABLE NAME 
;   MAP NAME 
; LOWER LIH,UPPER LIN,DELTA 

0.00,  -1.38,  -2.38,  -3.38 
•5.38,  -6.38,  -7.38.  -8.36 

KCTMR: 
KCMMR: 
KS'.Hft: 
TOW0MR 
;DWCMR 
TDW5MR 

MAIN ROTOR DOWNWASH SUBMODULE («A! 

1.0 
CO 
0.0 
.01038 
CO 
0.0 

I THRUST CAIN FOR UNIFORM DOWNWASH 
I PITCH.MOH.GAIN FOR DOWNWASH SIN.HARMONIC 
» ROLL MOM.GAIN FOR DOWNWASH COS.HARMONIC 
; TIME CONST.FOR UNIFORM DOWNWASH FILTER,SEC 
j TIME CONST.FOR DOWNWASH SIN.HARMON.FILTER.SEC 
; TIME CONST.FOR DOWNWASH COS.HAPION.FILTER,SEC. 

FSWr 
WLWr 
BLwr 
IWF: 

INPUT PARAMETERS FOR FUSELAGE (IA) •••« 
HOl .TING POINT OF MODEL IN WIND TUNNEL 

199 3 
71.2 
CO 
0.0 

LQFHP:: UVRUVR«! 
ALTWFII 
L0P8I 
LOFLO 

EXP    -IO. 0,20.0.2.0 
U/PIl 

; FUSELACE STATION.IN. 
I WATERLINE STATION,IN. 
; BUTTLXNE STATION,IN. 
I MING INCIDENCE,DEG. 

•IVE TO PORT) 

;•• FUSELAGE LIFT |TAIL-OFF) VI ALFWF MAP •• 
;MAP LOOR UP ROUTINE 
I INPUT VARIABLE 
;OUTPUT VARIABLE 
I LOW ANGLE MAP NAME 
lLOWER LIN,UPPER LIN.DELTA 
llIGB ANGLE MAP NAME 
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TAJLB F-l.    AH-IS SPECIFIC Fill (Cont'd) 

UP    »100.0,100.0,20.0   »LOWER LXH,UPPER LXH.DKLTA 

I   LOW ANGLE  RAP ALFWF  -20  TO  20, DELTA - 2 
LQPLO:     EXP           -5.16,            -4.91,            -4.59, -4.19, -3.72 

EXP           -3.18,            -2.59,            -1.96, -1.31, -0.65 
EXP              0.00,              0.62,               1.20, 1.72, 2.16 
EXP              2.5k,              2.78,               2.94, 2.99, 2.95 
EXP              2.62 

l   HICfl  ANGLE  RAP A1.FWF  -100 TO  100,   DELTA -  20 
LQFHI:     EXP -0.70, -0.85, -2.35, -3.75, -5.16 

EXP 0.00, 2.82, 2.00, 1.20, 0.40 
EXP -0.45 

DQFKP::   UVPUVKIf 
ALFWFI« 
DQF4I 
DQFLO 

EXP -20.0,20.0,2.0 
DQFHI 

EXP  -100.0,100.0,20.0 

!••   FUSELAGE  DRAG   (TAIL-OFF)   Vi ALP*?  •• 
IHAP  LOOK  UP  ROUTINE 
I INPUT VARIABLE 
IOUTPUT VARIABLE 
»LOW ANGLE  HAP  NAHE 
»LOWER   LIH,UPPER  LIH,DELTA 
I HIGH ANGLE HAP NAHE 
»LOWER  LIH,UPPER  LIH,DELTA 

DQFLO: EXP 
EX? 
EXP 
EXP 
EXP 

I   LOW ANGLE  HAP  ALFWF  -20  TO  20,   DELTA  -   2 
8.86, 
6.16, 
b.50, 
6.82, 

10.14 

8.16, 7.55, 
5.88, 5.67, 
5.60, 5.79, 
7.32, 7.91, 

7.01, 
5.53. 
5.05. 
1.57, 

6.56 
5.48 
6.40 
9.32 

>   HIGH   ANGLE  HAP  ALPUT -100  TO  100,   DELTA  •   20 
DQPHI:      EXP 102.30, 66.94, 39.58, 20.22, 8.86 

EXP 5.50, 10.14, 22.71, 43.42, 72.06 
106.70 

HQPHP::   UVRUVRtl 
AL FWFH 
HQPH 
HQFLO 

EXP     -20.0.20.0,2.0 
HQPHI 

»••FUSELAGE   PITCH  HOH   (TAXL-OPP)   VS  ALFWF   •* 
;HAP   LOOK  UP  ROUTINE 
»INPUT   VARIABLE 
»OUTPUT  VARIABLE 
»LOW   ANGLE   NAP   NAHE 
» LOWER  LIH.UPPER  LIH,DELTA 
;HIGB   ANGLE   KAP   NAHE 

EXP  -100.0,100.0,20.0      jLOWER  LIN.UPPER  LIH,DELTA 

;   LOW ANGLE  HAP  ALPHA  PROH  -20  TO  20,   DELTA  •   2   DEC 
HQPLO: EXP 

EXP 
EXP 
EXP 
•XP 

•93.25, 
-72.05, 
•35.21, 

1.63, 
22.84 

•90.63, 
•65.56, 
•27.23, 

7.45, 

87.18. 
•58.50, 
19.42, 
12.51, 

-82.92. 
-51.00. 
-11.91. 
16.77. 

-77.86 
-43.16 
-4.85 
20.21 

;   HICR   ANGLE   HAP   ALPHA   FROH   -100 TO   100,   DELTA   -   20   DEC 
HQPHI:      EXP 0.00. -46.00, -96.00, -100.00, -93.25 

EXP -35.21, 22.64. 30.00, 26.00. 10.00 
EXP -9.00 

DLQPHP: sHIVM 
PSIWFM 
ALPWPII 
DLQP9I 
DLQPLO 

»••FUSELAGE   DELTA   LIFT   ITAIL-OPF)   VS   PSIWF   HAP«« 
iHAP   LOOK   UP   ROUTINE 
I INPUT   VARIABLE   II 
»INPUT  VARIABLE   12 
»OUTPUT  VARIABLE 
»LOW  ANGLE   NAP   NAME 

EXP-100.0.100.0,10.0."D21JLOWEK  LIN.UPPER  LIH,DELTA.IITENS 
EXP   -10.0,10.0,20.0 »LOWE»   LIH,UPPER   LIN,DELTA   -   ALFWF 

iPBIWF  -100   TO  100   DSC  FOR ALFWP  -10,10   DEC 
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TABLK F-l. AH-1S SPKCI7IC FILE (Cont'd) 

DLQFLO: EXP 
EXP 
EXP 
EX? 
EXP 

EXP 
r«;p 
EXP 
EXP 
EXP 

lALPUP   - 
12.30, 
6.15, 
0.00, 
6.15, 

12.30 

•10   DEG 
11.07, 
4.92, 
1.23, 
7.38, 

;ALfWF  «10   DEG 
-10.35, -9.32, 
-5.18, -4.14, 
0.00, -1.31. 

-5.18, -6.21. 
-10.35 

9.84, 
3.6V, 
2.46. 
8.61, 

-8.13 
-3.11 
-2.07 
-7.25 

8.61, 
2.;:, 
3.69, 
9.84, 

-7.25, 
-2.07, 
-3.11, 
-8.28, 

7.18 
1.23 
4.92 

11.07 

-6.21 
-1.31 
-4.*4 
-9.32 

DDQFHP::BIVBIV## 
PSIWFI« 
ALrvrti 
DDQFH 
DDQFLO 

;*•   FUSELAGE   DLLTA   DRAG   VS   FSIHF   ÄAJP   •* 
;RAP   LOOK   UP   ROUTINE 
;INPUT   VARIABLE   II 
;INPUT   VARIABLE   12 
;OUTPUT   VARIABLE 
;LOW   ANGLE   MAP   NA.HE 

EXP     -20.0,20.0,2.0,"D21;LOWE»   LIM.UPPER   LIM.CELTA.IITEHS 
EXP      -10.0,10.0,10.0 ;LC*ER   LIM.UPPEK   LIM.LELTA   -   ALFXP 

DDiTHI »HIGH   ANGLE   MAP   NAME 
EXP-100.0,100.0,20.0,*D11;LOWER   LIM.UPPEP   LIM , CELT* .1 ITEMS 
EXT     -10.0,10.0,10.0 ;LCVfER   LIM,UPPER   LIM.TZLTA   -   KLTnT 

|LOW   ANGLE   MAP   PSIWF   FROM   -20   TO   20   DEG,    DELTA   •   2   DEG 
;ALFWF- -10 DEG 

DDCFLO: EXP 9.61, 7.64, 6.24, 4.81, 3.55 
EXP 2.47, 1.59, 0.89, 0.40, 0.10 
EXP 0.00, 0.10, 0.40, 0.89, 1.59 
EXP 2.47, 3.55, 4.01, 6.24, 7.84 
IX P 9.61 

0 DEG 
EXP 11.52, 9.40, 7.48. 5.77, 4.26 
EXP 2.97, 1.91, 1.08, 0.48, 0.12 
EXP 0.00, 0.12. 0. 48. 1.08. 1.91 
EXP 2.97. 4.26. 5.77, 7.48, 9.40 
EXP 11.52 

;ALFWF- 10 DEG 
EXP 13.44, 10.97, 8.73, 6.72, 4.97 
EXP 3.46, 2.23, 1.26, 0.56. 0.14 
EXP 0.00, 0.14, 0.56, 1.26. 2.23 
EXP 3.4C 4.97, 6.72, 8.73. 10.97 
EXP 13.44 

DDCPHI: EXP 
EXP 
EX? 

EXP 
EXP 
EXP 

»HIGH   ANGLE MAP   PSIMF   -100   TO   100   DEG,   DELTA   -   20   DEG 
jALFWP-   -10 DEG 
79.68. 79.18, 61.61. 33.94, 9.61 
0.00, 9.61, 33.94, 61.61. 79.68 

79.tn 

EXP 
EXP 
EX? 

TQFMP::   UVRtl 

jALFW/-   0   DEG 
95   52. 95.52 

0.0C, 11.52 
95.52 

;ALFVP« 10 DEG 
111.36, 111.36 

0.00, 13.44 
111.36 

73.86 
40   69 

16.11 
47.44 

40.69 
73.86 

47.44 
86.11 

11.52 
95.52 

13.44 
111.36 

»••   rUtELACF   klDCrCUCE   VS   fSIWP   RAP   •• 
inxf   LOO*   JP   ROUTINE 

335 



TABLK r-1.    A3-1S SPECIFIC FILE (Coac'd) 

EXP        PSIWFM 
YQFM 
YQFLO 

EXP -100.0,100.0,10.0 

;INPUT VARIABLE 
»OUTPUT VARIABLE 
I LOW   ANGL*   HAP   NAHE 
»LOWER  LIH,UPPER  Lin,DELTA 

YCFLO: EXP 
EXP 
EXP 
EXP 
F.XP 

»LOW  ANGLE  HAP  PSIWF  -100  TG  100  DEC,   DELTA -   10  DEG 
-12.00, 

-140.00, 
o.co, 

140.00, 
12.00 

0.00, -30.00, 
-175.00. -115.00, 

28.00, 65.00, 
105.00, 65.00, 

-65.00, -105.00 
-65.00, -25». 00 
115.00, 175.00 
30.00, 0.00 

RQFHP::   UVftM 
PSIWFM 
RQFM 
RQFLO 

EXP  -)00.0,100,0,10.0 

»•*   FUSELAGE  ROLLING HOHENT VS   PSIWF  HAP   •• 
;RAP  LOOK  UP  ROUTINE 
»INPUT VARIABLE 
»OUTPUT VARIABLE 
»LOW ANGLE  HAP  NAHE 
»LOWER  LIH,UPPER  LIH,DELTA 

RQFLO: EXP 
EXP 
tXP 
EXP 
EXP 

»LOW  ANGLE  KAP  PSIWF  -100   TO  100  DEG,   DELTA -   10   DEG 
-4.00, 
10.60. 
0,00. 

•10.60. 
4.00 

0.00, 
11.30, 
-4.00, 

-10.00. 

4.00, 
9.40, 

•7.40, 
•7.00, 

7.00, 10.00 
7.40, 4.00 
9.40, -11.30 
4.00, 0.00 

NQFH?::   UVRUVRM 
PSlwrti 
NQFII 
NQFLO 

EXP   -20.0,20.0,2.0 
NQPHI 

»••   FUSELAGE   YAWING   HOHENT  VS   PSIWF   •* 
»HAP   LOOK   UP   ROUTINE 
»INPUT  VARIABLE 
»OUTPUT   VARIABLE 
»LOW ANGLE  HAP  NAHE 
»LOWER   LIH,UPPER  LIN,DELTA 
»HIGH  ANGLE   HAP   NAHE 

EXP-100.0,100.0.20.0        »LOWER   LIH,UPPER  LIH,DELTA 

NQFLO: EXP 
EXP 
EXP 
EXP 

»LO«   ANGLE   HAP   PSIWF   -20   TO   20,   DELTA   -   2   DEC 
•226.62, 
•159.87, 

-3.50, 
155.66, 
229.48 

-222.22, -213.38, -199.97, -182.06 
-133.80, -104.40. -72.35, -38.43 

31.55, 65.81, 98.44. 128.62 
179.01. 198.23. 213.08. 223.46 

»SIGH   ANGLE HAP   PSIWF -100   TO   100,   DELTA   -   20   DEG 
NQFHI:      EXP                  155.66, -159.88, -196.92,        -237.00,        -226.62 

EXP                  -3   50, 229.48. 240.00.          207.81,          155.67 
-159.87 

ROTOR   INTERFERENCE   ON   TUE   FUSLEAGE   (HRPA) 

EXVFHP::UVRIt 
CHIPHRM 
EKXWFII 
EXWFLO 

EXP   -20.0.100.0,10.0 

IXVFLO: EXP 
EXP 
EXF 

••   ROTOR  X-FACTOR O«  FUSELAGE  HAP 
HAP   ARGUHENT:LOOR   UP   ROUTINE 
INPUT   VARIABLE 
OUTPUT   VARIABLE 
LOW   ANGL   HAP   NAHE 
LOWER   LIN.UPPE*   LIN,DELTA 

•0.15. 
0.46. 
0.20. 

•C 04, 
C ^0. 
•0.60, 

0.08 
0.74, 

-0.55 

0.20 
0.89 

0.33 
1.00 

»iwrnP: :UVRM 
CHIPHRM 
EKZWFM 
RIWFLO 

EXP   -20.0,100.0,10.0 

»••   ROTOR   X-FACTOR   ON   FUSELAGE   HAP   •• 
»HAP LOOK UP ROUTINE 
;INPUT VARIABLE 
;OUTPUT VAP.TABLE 
(LOW ANGLE RAP MARE 
»LOWER LIH,UPPER LIH,DELTA 
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TAhUE F-l.    AH-IS SPECIFIC YIUL (Cont'd) 

EZWFLO: IXP 
EXP 
EXP 

1.20, 
1.25, 
1.15, 

1.21, 
1.26, 
1.00, 

1.22, 
1.27, 
1.05 

1.23, 
1.28, 

1.24 
1.29 

;..... JNPUT PARAMETERS POR PANEL #1 (RT HORIZONTAL) 
...... s-15.14 FT*«2, AR-    , e-.S8 

rspi: 
WLrl: 
BLPl: 
SAPl: 
GAMP1 
I0?1: 
CP1:: 

397.5 ; FUSELAGE STATION,INCH 
55.66 ; WATERLINE STATION,INCH 
0.0 ; B'JTTLJNE STATION,INCH (*IVE TO PORT) 
15.14 ; SURFACE AREA,FT**2 
0.0 ; PANEL ORIENTATION,DEC 
6.97 j PANEL INCIDENCE,DEG 
1.0 ; PANEL MEAN AERO CHORD,FT 

;•• HORIZONTAL STABILIZER LIFT VS ALFPPl •• 
CLPlHP: :UV.*UVRM 

ALFPPUI 
CLP1M 
CLP1LO 

EXP  -30.0,30.0,2 
CLP1UI 

EXP -90.0,90.0,30 

CLPlLO: EXP 
EXP 
EXP 
EXP 
EXP 
EXP 
EXP 

CLP1HI: EXP 
EXP 

CDP1HP: :UVRUVRM 
ALPPP)«I 

;FIAP LOOK UP ROUTINE 
;INPUT VARIABLE 
;OUTPUT VARIABLE 
;LOW ANGLE HAP NAME 
,-LOWER LIM,UPPER LIM,DELTA 
;HICH ANGLF- MAP NA-* 
;LOWER LIM,UPPER L-Ä,DELTA 

LOW ANGLE MAP ALPPPl -32 TO 32, DELTA • 2 DEC 
•0.878, 
•1.135, 
•0.600, 
•0.265, 
•0.015, 
0.210, 
0.350 

-0.920, 
-1.133. 
-0.635, 
-0.208, 
0.030, 
0.25C, 

0.970, -1.020, -1.078 
1.095, -1.020, -0.915 
0.573. -0.460, -0.363 
0.130, -0.105, -0.060 
0.075, 0.120, 0.165 
0.290, 0.320, 0.345 

CDP1M 
CDP1LO 

EXP -30.0.30.0.2.0 
CDP1HI 

EXP -90.0,90.0,30.0 

;HIGH ANGLE MAP ALFPPl -90 TO 90, DELTA - 30 DEG 
0.000,    -0.440,    -0.a78,"    -0.265,    -0.350 
0.160,     0.000 

;•• HORIZONTAL STABILIZER DRAG VS ALFPPl •• 
;HAP LOCf UP ROUTINE 
.•INPUT VARIABLE 
;OUTPUT VARIABLE 
;LOW ANGLE MAP NAME 
,-LOWER LIH.UPPEK LIH,DELTA 
,-RICH ANGLE MAP NAME 
,-LOWER LIM,UPPER LIM,DELTA 

CDPlLO: EXP 
EXP 
f.XP 
EXP 
EXP 
EXP 
EXP 

CDP1HI: EXT 
EXP 

;LOW ANGLE *AP ALPPPl -30 TO 30, DELTA - 2 DEG 
603, 
338. 
147, 
085, 
064, 
1^5, 
4H2 

0.545. 
0.289, 
0.124, 
C.081 . 
0.r9C. 
0.212, 

493, 
245, 
113, 
077. 
107, 
240. 

440 
202 
102 
077 
123 
293 

389 
170 
094 
Ö77 
149 
342 

;HIGH ANCLE MAP ALFPPl -90 TO 90, DELTA - 30 DEG 
1.200,     0.900.     0.603.     0.085.     0.402 
0.810.     1.200 

IN»UT PARAMETER FOR ROTOR INTERTERENCE O* THE HORIZ.TA1L II 
(HRPA) 

;•• ROTCR X-TACTOn ON BORIIONTAL TAIL •• 
EXPlMP:ttlVtf f*AP LOOK UP ROUTINE 
EXP    CIIPNRM.AA1PHBM I INPUT VAR41. IN'UI VARI2 
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TABU F-l. AH-IS SPECIFIC FILK (Cont'd) 

irxrilt 
EXPlLO 

EXP 0.0,90.0.10.0,*D10 
EXP -10.0,10.0,10.0 

lOUTPOT VARIABLE 
|HAP NAHE 
I LOWER LIH,UPPER LIH,DELTA 
»LOWER LIH,UPPER LIH,DELTA 

E7.P1LO: EXP 
EXP 

EXP 
EXP 

EXP 
EXP 

jCHIPRR 0 TO 90 DEG TOR AAIPHR -10,0,10 DEG 
lAAlTKR • -10 DEG 

0.05,      0.19,      0.34,     0.50, 
0.86,     1.06,     1.29,     1.55, 

»AAlFHR u  0 
-0.30, 
0.48, 

DEG 
-0.18, 
0.69, 

JAAIFHR - 10 DEG 
-0.66,    -0.55, 
0.05,     0.24. 

•0.03, 
0.92, 

-0.42, 
0.47. 

0.13. 
1.11, 

-0.28, 
0.72, 

0.67 
1.85 

0.30 
1.45 

-0.12 
1.00 

EZ?lHP::BIVtt 
CBTPHRM 
AAlPHRII 
EXZPlII 
EZP1LO 

»•• ROTOR I-rACTOR ON BORXIONTAL TAIL HAB *• 
}RAP LOOK UP ROUTINE 
»INPUT VARIABLE II 
jINPUT VARIABLE #2 
»OUTPUT VARIABLE 
;LOW ANGLE HAP NAHE 

EXP 0.0,90.0,10.0,*D10 »LOWER LIH,UPPER LIN,DELTA,* ITEMS 
EXP -10.0,10.0,10.0 »LOWER LIH,UPPER LIH,DELTA AAlFKR 

EZP1LO: EXP 
EXP 

EXP 
EXP 

EXP 
EXP 

»CHIPHR 0 TO 90 DEG TOR AAIPHR -10,0,10 DEG 
»AAlFKR m   -10 DEG 

1.58,      1.59, 1.60,      1.61, 
1.63,      1.63, 1.63,     1.62, 

»AAIPHR • 
1.51, 
1.76, 

IAAIPHR • 
l.?2, 
1.80, 

0 DEG 
1.56, 
1.81. 

10 DEG 
1.41, 
1.90, 

1.61, 
1.87, 

1.51, 
2.01, 

1.66, 
1.94, 

1.60, 
2.13, 

1.62 
1.62 

1.71 
1.98 

1.70 
2.26 

rUSELAGE INTERPERNCE ON THE BORIZ.TAIL  (WPPA) 

QHHP: 

; 

CONST!« 
11.0) 
QPICWPM 

»•• HORIZONTAL TAIL DYNAHIC PRESSURE RATIO HAP»« 
»HAP LOOK UP ROUTINE 

»OUTPUT VARIABLE 

INPUT PARAMETERS FOB PANEL «3 (VERTICAL TAIL) 
8-18.87 PT**2, AR-1.62. »-.99 

P5"3: 
WLP3: 
BLP3: 
SAP 3: 
GAHP3 
I0P3: 
CP3:: 

501.113 
97.18 
0.0 

18.87 
-90.0 

4.5 
1.0 

» PUSELAGE STATION, INCHES 
j WATERLINE STATION. INCHES 
» BUTTLINE STATION,INCB (•XVt. TO PORT) 
» SURTACE AREA,PT*«2 
» PANEL   ORIENTATION.DEG 
» PANEL   INCIDENCE.DEG 
» PANEL   HEAH   AERO   CHORD,PT 

CLP3HP: lUVRUVRM 
ALFPP3M 
CLP3M 
CLP3LO 

EXP   -30.0.TO.0,2.0 
CLP3HI 

EXP -90.0,90.0.30.0 

»••   VTRTICAL   STABILIZES   LXPT  VS   ALPPP3   HAP   •• 
»HAP   LOOK  UP  ROUTINE 
»INPUT VARIABLE 
»OUTPUT   VARIABLE 
»LOW   ANCLE   HAP   NAHE 
»LOWER   LIH.UPPrR   LIH.DELTA 
IBIGB  ANGLE   RAP   NAHE 
I LOWER   IIN.UPPKH   LIH.DELTA 
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TABLE F-l.    AH-1S SPECIFIC FILX (Cont'd) 

C..P3L0: EXP 
EXP 
EXP 
EXP 
EXP 
EXP 
ZXP 

CLP3BX: EXP 
EXP 

I LOW ANGLE RAP ALPPP3 -30 TO 30, DELTA • 2 DEC 
0.750. -0.775, -0.790. -0.800, -0.790 
0.775, -0.735, -0.690, -0.620, -0.525 
0.450. -0.3S5, -0.260, -0.175, -0.085 
0.000, 0.085, 0.175, 0.260, 0.35b 
0.450, 0.525. 0.620, 0.690, 0.735 
0.775, 0.790, 0.800, 0.790, 0.775 
0.750 

;BIGH ANGLE HAP ALFFP3 -90 TO 90, DELTA - 30 DEG 
0.000,    -0.380,    -0.75U,     0.000,     0.750 
0.380,     0.000 

*••  VERTICAL  STABILIZER  DRAG  VS ALFPP3   *• 
CDP3HP::UVRUVRei 

ALFPP3M 
CDP3I8 
CDP3LO 

EXP -30.0,30.0,2.0 
CDP3HI 

EXP -90.0,90.0,30.0 

;RAP LOOK UP ROUTINE 
»INPUT VARIABLE 
;OUTPUT VARIABLE 
{LOW ANGLE KAP NAME 
;LOWER LIB,UPPER LI H.DELTA 
/HIGH ANGLE RAP NAME 
,-LOWER LIB,UPPER LIB,DELTA 

CDP3LO: EXP 
EXP 
»XP 
EXP 
EXP 
EXP 
EXP 

CDP3BI: EXP 
EXP 

{LOW AKGLE RAP ALTPP3 -30 TO 30, DELTA - 2 DEG 
0.360, 
0.160, 
0.051, 
0.012. 
0.051. 
0.160. 
0.360 

0.303, 
0.135, 
0.036, 
0.013, 
0.067. 
0.190. 

0.26S, 
0.108, 
0.026, 
0.017, 
0.090, 
0.225, 

0.225, 0.190 
0.090, 0.067 
0.017, 0.013 
0.026, 0.036 
0.108, 0.135 
0.265, 0.303 

I LOW ANGLE RAP ALPPP3 -90 TO 90, DELTA - 30 DEG 
1.200,     0.785,     0.360,     0.012,     0.360 
0.785,     1.200 

ROTOR INTERFERENCE ON TBE VERTICAL TAIL «1 (HRPA] 

EXP3HP::BIVII 
EXP     CHIPHRII.AAIFHRM 

EKXP3M 
EXP3 

EXP  C0.90.0.1CC*D10 
EX» -10.0,10.0,10.0 

!•• ROTOR X-FACTOR ON VERTICAL TAIL RAP •• 
;RAP ARGUMENT:LOOR UP ROUTINE 
{INPUT VARIABLE II, INPUT VARIABLE «2 
;OUTPUT VARIABLE 
;LOM ANGLE RAP NARE 
{LOWER LIR.UPPER LIB,DELTA,|ITEMS 
;LOWER   LIH.UFPEP.   LIN   DELTA   -   AAlFHR 

{CBIPNR   0  TO  90   FOR  AA1PRR  -10,0.10   DEG 
{AA1FNR   -   -10   DEG 

EXP 3: EXP 
EXP 

EXP 
EXP 

EXP 
EXP 

-0.39.             -0.50. 
0.99,                5.23. 

-0.52. 
1.50, 

0.54. 
0.75. 

0.76 
0.00 

,-AAlFNR   -   0   DEG 
-0.47.             -0.55, 
-0.84,                0.93. 

-0.64. 
1.20, 

-0.73. 
1.52. 

-ceo 
0   00 

(AA1FNR   -   10   DEG 
-0.49,             -0.54. 
-0.70.             -0.70. 

-0.59. 
-0.65, 

-0.64, 
-0.52. 

-0.68 
coo 

EZP3MP::BIV|| 
IXF CHIPHRM.AAlFHM» 

EKZP3II 
BSPJLO 

}••   »OTUR   I-FACTOR   ON   VERTICAL   TAL   RAP   •• 
;RAP   A'.GUNENT.LOOR   UP   ROUTINE 
{INPUT   VARIABLE   II,    INPUT   VARIABLE   12 
{OUTPUT   VARIABLE 
I LOW  ANGLE   RAP   NAME 

KXP     0.0,90.0,1C0,*D10   iLOWER   LXN.UPPEB   LI«, DELTA, 81 TEN I 
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TABLE F-l.    AB-1S SPECIFIC Fill (Cont'd) 

EXP  -10.0,10.0,10.0    {LOWER LIH,UPPER LIU,DELTA AAlPHR 

EZP3LO: EXP 
EXP 

EXP 
EXP 

»CHIPHR 0 TO 90 DEG POX AA1PKR -10,0,10 DEG 
»AAlFHR - -10 DEG 
-0.13, 
1.89, 

-0.03, 
1.89, 

EXP 
EXP 

;AA1FRR - 0 DEG 
-0.10, -0.01, 
0.83, 2.20, 

»AAlFHR - 10 DEG 
0.00, 0,07, 
0.69, 0.95, 

0.13, 
1.87, 

0.12, 
2.22, 

0.18, 
1.27, 

1.87, 
1.94, 

0.29, 
2.24, 

0.31. 
1.65, 

1.89 
2.00 

0.53 
2.00 

0.48 
2.00 

QP3HP: 
EXP 

FUSELAGE INTERFERENCE ON THE VERTICAL TAIL «A (HFPA) 

CONST!• 
(1.01 
0P3QWFII 

EPP3HP: rCONSTM 
EPSP1M 
EPSP3M 

SGP3HP: iCONSTM 
siGPiie 
SIGP3II 

»•* VERTICAL TAIL DYNAMIC PRESSURE RATIO RAP •• 
;HAP LOOK UP ROUTINE 
;INPUT VARIABLE 
jOUTPUT VARIABLE 

,»• BODY DOWNWASH ON VERTICAL TAIL HAP •• 
»RAP LOOK UP ROUTINE 
;INPUT VARIABLE 
;OUTPUT VARIABLE 

/••BODY SIDEHASH ON VERTICAL TAIL HAP •• 
»HAP LOOK UP ROUTINE 
»INPUT VARIABLE 
»OUTPUT VARIABLE 

;••• 

FSP4 
WLP4 
BLP4 
SAP 4 
GAHP4 
I0P4: 
CP4: : 

CLP4HP; 

EXl 

EXP 

CLP4LO: 

INPUT PARAMETERS TOR  PANEL «4 (!A) 

189.73 
68.28 
0.0 
28.15 
0.0 
17.0 
2.7 

» rUSELAGE STATION,INCH 
» RATERLINE STATION,INCH 
» BUTTLINE STATION,INCH (*IVE TO PORT) 
» SURFACE AREA OF PANEL IF NOT INCLUDE IN HAP 
I PANrL ORIENTATION, DEG 
I PANEL INCIDENCE,DEG 
( PANEL REAM AERO CHORD,FT 

» •• AH-1S RING LIFT COEFFICIENT VS ALFPP4 
; •• S-30.95 FT««2,ASPECT RATIO-4.6.4423 ROOT,4420 TIP AIRFOIL 

:UVRUVR4I 
ALFPP4I4 
CLP4I4 
CLP4LO 
-20 0,20.0,2.0 
CLP4HI 
-90.0,90.0,10.0 

»HAP LOOK UP ROUTINE 
»INPUT VARIABLE 
»OUTPUT VARIABLE 
»LOR ANGLE HAP RARE 
»LOWER LIH,UPPER LIH,DELTA 
»HIGH ANCLE RAP RARE 
»LORER LIN,UPPER LIH,DELTA 

LOR ANGLE HAP ALFPP4 -20 TO 20. DELTA - 2 DEG 

CLP4HI 

EXP 
EXP 
EXP 
EXP 
EXF 

EXP 
EXP 
EXP 
EXF 

-1.10. 
-1.00, 
-0.15, 
0.75, 
0.92 

-1, 
-0 
0 
0, 

16. 
85. 
05, 
90. 

-1.18, 
-0.70. 
0.25. 
1.00. 

-1.20. 
-0.55. 
0.45. 
0.96. 

HIGH AMGLE RAP ALFPP4 -90 TO 10 .DELTA • 10 DEC 
0.00.      -0.16,     -0.31,     -0.47, 

-0.79.      -0.94.      -1.10.      -1.00, 
0.75.       0.92.       0.79,       0.6t. 
0.39,       0.26.       0.13,       0.00 

•• AB-1S «IWC DRAG VS ALFPP4 

-1.11 
-0.35 
0.60 
0.95 

-0.63 
0.15 
0.53 
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TABLZ F-l  AH-1S SPECIFIC FILE (Cont'd) 

CDP4HP 

EXP 

EXP 

CDP4L0 

;UVRUVRM 
ALPPP4II 
CPP4M 
CDP4L0 
-20.0,20.0,2.0 
rOP4H2 
-90.0,90.0,10.0 

;RAP LOOK UP ROUTINE 
jINPUT VARIABLE 
;OUTPUT VARIABLE 
LOW ANGLE MAP NAME 
LOWER LIM.UPTER LIM,DELTA 
HIGH ANGLE MAP NAME 
»LOWER LIM,UPPER LIM,DELTA 

; LOW ANGLE RAP ALPPP4 -20 TO 20. DELTA - 2 D£G 

CDP4HI 

EXP 
EXP 
EXP 
EXP 
EXP 

EXP 
EXk> 
EXP 
EXP 

0.164, 
0.016, 
0.008, 
0.012, 
0.112 

0.134, 
0.013, 
0.008, 
0.015, 

0.105 
0.011 
0.009 
0.019 

0.075, 
0.010, 
0.010, 
0.050, 

HIGH ANGLE HAP ALFFP4 -90 TO 90, DELTA - 10 DFG 
1.200,     1.052,     C.904,      0.756 
0.460,      0.312,      0.164,      O.OJo, 
0.012,     0.112,     0.268,      0.'l3. 
0.734,      0.8e9,      1.045,      1.^00 

EXP4HP 

E2P4HP 

INPUT PARAMETERS FOR ROTOR INTERFERENCE ON MNG (MRPA) 

; •• AH-1S PORE/ArT M.R. DOWNWASH AT WING 
CONST!« ;MAP LOOK UP ROUTINE 
ERXWri« »INPU1 VARIABLE 
EF.XP4H »OUTPUT VARIABLE 

•• AH-IS VERTICAL M.R. DOWNVASH AT WING 
CONST!I 
EFZWFM 
ERZP4M 

MAP LOOK UP ROUTINE 
INPUT VARIABLE 
OUTPUT VARIABLE 

PUSELAGE INTERFERENCE ON WING (WFPA 

; •• AH-1S DYNAMIC PRESSURE R-ATIO AT WING VS ALFWP 
CP4MP:rCONSTII ;MAP LOOR UP ROUTINE 

il.0] 
QP40WMI »OUTPUT VARIABLE 

INPUT PARHATERS FOP TAIL ROTOR («A) - (BAILEY) 

RTR: : 
OMEGTR 
BTR: : 
PSTR: 
WLTR: 
BLTF: 
TWSTTK 
BIASTR 
GAMTR: 
DIL3T* 
DELTTR 
CMPDTR 
ATR: : 
BTLTR: 
CDTR:: 

4.25 
:175.64 
2.0 
520.67 
118.27 
14.10 
:0.0 
:C0 
-90.0 
0.0 
0.C 
.70 
6.13 
.975 
2.0 

^.Jll 
0.081 

0.608 
0.008 
0.Z16 

»RADIUS.FT 
»TRIM ROTATIONAL RATE,RAD/SEC 
»ACTUAL NUKBIB OF BLADES 
FUSELAGE STATION.IN 
WATERLINE STATION.IN 
BUTTLINE STATION.IN (*IVE TO FORT) 
BLADE TV!ST.DATUM CENTER OF ROTATION,DEG 
BLADE PITCH CORRECTION FOR N.L.T*2ST INEG REDUCES FITCH) 
TAIL ROTOR CANT A."CLE,DEG 
FLAPPING niSZl   OTFSET AJiGLE.DEC 
RATE OF CHANGE OF CONE ANGLE WITH THPUST.DEC LB 
BLADE CHORD,FT 
BLADE LIFT CURVE SLOPE.1/RAD 
BLADE TIP LOSS FACTOR <C31 USES EQN FOP G! 
TAIL ROTOR HEAD DRAG.FT*•2 

ERTRMP 

ROTOR INTERFERNCE ON TAIL ROTOR {HRPA 

:CON3TM 
Efr.F3M 
EFXTRM 

;•• ROTOR X-FACTOR ON TAIL ROTOR MAP •• 
.MAP LOOP UP POUTINE 
;INPUT VARIABLE 
»OUTPUT VARIABLE 

»•• ROTOR »-FACTOR ON TAIL ROTOR RAP •• 
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TABLE F-l.    AH-1S SPKCinC FIJJS (Cont'd) 

EZTRMP::CONST!« 
E!UP3!i 
EKZTRM 

jRAP LOOK OF ROUTINE 
I INPUT VARIABLE 
I OUTPUT VARIAALE 

r 

QTRRP: 

EPTRRP: 

SGTRMP: 

VBVTTR: 
KBVTTR 

FSCC 
WLCG 
BLCC 

WEIGHT 
IX: 
IV 
IZ 
IXZ 
IYZ 
IXY 

FUSELAGE INTERFERENCE ON THE TAIL RCTOR (WFPA) 

CONST!• 
QP3QW* 
QTRQWFU 

CONST!! 
EPSPl!! 
EPSTRI! 

CONST!! 
SIGP1«! 
SIGTRÜ 

!*• TAIL ROTOR DYNAMIC PRESSURE RATIO RAP •• 
»RAP LOOK UP ROUTINE 
I INPUT VARIABLE 
(OUTPUT VARIABLE 

;«• BODY DOWNNASH ON TAIL 10TOR RAP •* 
{RAP LOOK UP ROUTINE 
jINPUT VARIABLE 
IOUTPUT VARIABLE 

I** BODY SIDEWASfl ON TAIL ROTOR RAP •• 
;RAP LOOK UP ROUTINE 
;INPUT VARIABLE 
;OUTPUT VARIABLE 

VERTICAL TAIL INTERFERENCE ON VAIL SOTOR INFLOW 

30.0 
.895 

; AIRSPEED BRFAK PT. - NO BLOCKAGE ABOVE,KT. 
; TAIL ROTOR hLCCKAGE COEF. AT HOVER 

INPUT PARAMETERS FOR EQUATIONS OF NOTION (!B) 

200.6 
60.0 
0.0 

: 9000.0 
2904.0 

11883.4 
10233.5 
-58S.0 

0.0 
0.0 

I FUSELAGE STATION, OF CO.. INCH 
j WATERLINE STATION OF C.G..INCH 
I BUfTLINE STATION OF CO.. INCH (-»IVE TO PORT) 

j AIRCRAFT GROSS WEIGHT.LBS. 
j INERTIA ABOUT BODY X-AXIS.SLUG-PT**2 
j INERTIA .ABOUT BODY Y-AXIS,SLUG-FT**2 
j INERTIA ABOUT BODY Z-AXIS.SLUG-FT««2 
; CROSS COUPLING INERTIA,SLUG-PT««2 
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Figur« F-8.    AH-IS  Pu*«l«£«  Uft lUp 
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Figur« f-lS.    AH-IS lUln Rotor Downvaoh on Fuooiag« Mop (x-dlroctloo.) 
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Figur« F-J.7.     AH-IS Main Botor Dovnvash oo FUMUR« lUp  (r-direction) 
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Figur« F-ll.    AH-IS HorironUii  Stablllzar Lift lUp 
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Figur« F-22. AB-IS Vertical Stabil U«r Lift Hap 
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Figur«  F-26.     AH-13 Vloft Uft K*p 
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Figur« r-27.    AH-IS Vlog Drag lUp 
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APPENDIX G 

5A-3KP MPPEl PAIA 

The SA-365N-1 Dauphin (Figure G-l) it the current production version of this 
French civil aircraft. Approximately 400 of these have been delivered. The 

aost notable feature of the Dauphin is its use of a ducted fan, or Fenastron, 
instead of a tall rotor. In the NX version, tha Fenastron has an increased 
diameter of 1.1 meter (3 feat 7 inches) compared to tha original value of 0.9 
aeter. The SA-365N has a maximum takeoff gross weight of 9,039 pounds, a 
rotor diameter of 39 feet 2 Inches and Is powered by two Turbomeca Axial 1C 
turboshaft engines with an intermediate eaergency power of 686 shp. 

The aaln rotor Is a four-blade unit using a hub that «aploys Aerospatiale's 
starflex design. The three conventional hlngej for each blade are replaced by 
a single balljoint of rubber/steel sandwich construction. Blades use 0A2 
series airfoils, 12 percent thick inboard tapering to 7 percent at the tip. 
Blades are of all-composite construction utilizing fiberglaas and graphite 
aaterials. The Fenestron is mounted in a duct or shroud at the base of the 
vertical fin and has eleven blades. A fixed horizontal stabilizer of 16 
square feet is mounted on the tail booa just forward of the fin. The 
stabilizer Is fitted with vertical endplates, each of 8.2 square feet. These 
endplates are canted nose-left to generate a right yawing moment to oppoae 
aaln rotor torque at high speed. (Note-the rotor rotates with the advancing 
blade on the left side). 

The SA-365N alrfraae is of aixed construction, primarily of aluminum seai 
aonocoque but making extensive use of composites in the nose and aaln rotur 
pylon.  Retractable, tricycle landing gear is fitted. 

Creation of a CenHel simulation model was difficult because of tha lack of 
aerodynamic data for the fuselage and eapennage and lack of Inertia data. 

Atteapts to work out a non-disclosure agreeaent between Aerospatiale and 
Sikorsky so that the data could be obtained froa the manufacture* failed. Aa 
a consequence, the following approach to calculating these data was taken: 

fuselage aerodynamics • scaled froa S-76 

tall aerodynaalcs • conventional data 
inertias - Sikorsky paraaatrlcs 
fuselage aerodynamic interference on tha tall - acaled froa S-76A 
rotor Interference on fuselage and tall - uae of existing Heyson program 
aaln rotor airfoils - use SC1095 data 
Fenestron - uae existing Sikorsky Fa:. Tall model 

The acaling method for the fuselage aerodynamic« is discussed in detail in 
Appendix N.  Geometry and weight data were available in Reference 18. 
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inertias wer« estimated using Sikorsky paraaetries. Data collected over the 
years on a variety of single rotor helicopters show that Inertia can be 
estlasted as: 

I - (GW/K) exp(x) 

*       Where the coefficients are defined as: 

4 

Paraaeter    Ixx     Iyy     Izz     Ixx 
Roll    Pitch    Yaw 

K 121.2 21.85      29.85 237.7 
x 1.823 1.606      1.674 1.827 

For a groa# weight of 10,000 pounds, the pitch (Iyy) Inertia would be 

1.606 
iyy - 1000Q        - 18,744 slug-ft* 

21.85 

The equivalent flapping hinge offset of th« main rotor was set at 3.8 percent 
and SC1095 airfoils were used. 

Trim data were available froa a prellalnary copy of a U.S. Aray AEFA report on 
the SA-365N. CenHel correlation with these data are shown In Figur«« C-2 to 
G-7. The flight conditions for these data were: 

CV  - 7400 pounds 
FSCG - 159.2 
Density Altitude - 12,660 feet 

Note that the Dauphin rotor rotates In a direction opposite to aost American 
slrcrsft. The GenHel slaulstion was sst up with conventional rotation. In 
presenting the correlstlon data, the lateral stick and pedal positions are 
shown with the t .ginal flight test data *nd with that data alrror laaged to 
account for rotation. Correlation for all controls and for aaln rotor pow*r 

. was very good, but the test date had 5 to 10 less horsepower required for the 
Fenestron than CenHel calculated. 

All of the nuaerlcel data used to aodel the 3A-365N are provided In this 
appendix. Table C-l la a listing of sll the Input date. Figures C-8 through 

*° G-39 are plots of the asp dats for fuselage, vertlcsl tsll and horlxontal tail 
aerodynaalcs along with plots of the rotor Interference and fuselage 
Interference data. The tabular data are provided with appropriate labels. 
Hap data are identified with CenHel variables provided in the List of Symbol». 
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For th* SA-365N aodel,  the panel allocation was as follows: 

1. Right horizontal tall 
2. Left horizontal tail 
3. Vertical tail 
4. Ferestron shroud 
5. Right vertical endplate • 
6. Left vertical endplate v 
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TABLE C-l. SA-36SH SPECIFIC FILE 

PSHR:: 
WLMR:: 
BLHR:: 
RMR: : 
OHGTHR: 
BHR:: 
ISMF:: 
ILHR:: 
DELSHR: 
DEL3MR; 
RArlMR: 
KAr2HR' 
CHDTHR: 
CHDRHR: 
OrSTHR: 
SPRLHR: 
WTBDHR: 
IBNR:: 
HBHR:: 
IRHR:: 
BTLHR:: 
DCDHR:: 
NBSHR:: 
NSSMR:: 

TWHRHP: 

EXP 

TWHRLO: 

KCTKRJ: 
KCHHR:: 
KSLHR:: 
TDWOHR: 
TDWCHR: 
TDWSHR; 

••••••< 

RBRHR:I 
RBR.HR; 

ALDHR:I 
BLDMR:: 
CLDMR:: 
DLDHR:I 
RLDMR:: 
LGODHR: 
THLDRR: 

....... 
••••••• 

INPUT PARAMETERS POR RAIN ROTOR HODULE6 (IA.) 

300.0 
200.0 
0.0 
19.57 
36.65 
4.0 
-4.0 
0.0 
iO.C 
iO.O 
:0.0 
;0.0 
tl.263 
:1.263 
:0.75 
:2.531 
:123.9 
322.46 
28.88 
450.0 
.97 
.002 
4 
5 

lUVRII 
XSEGHR1I 
TWSTHRM 
TWMRLO 

FUSELAGE STATION,INCHES 
NATERLINE STATION,INCHES 
BUTTLINE STATION,INCHES (•IVE TO PORT) 
RADIUS,FT. 
TRIM ROTATIONAL SPEED,RAD/SEC 
ACTUAL NUMBER OF BLADES 
LONGITUDINAL SHAFT TILT,(POS.BACKWARDS),DEG 
LATERAL SHAFT TILT,<POS.STARBOARD),DEG 
SWASHPLATE PHASE ANGLE,DEG 
FLAPPING HINGE OFFSET ANGLE,DEG. 
LAGGING BINGE OFFSET COEF.(PUNC(LG)) 
LAGGING HINGE OFFSET COEF. ( PUNC(LG"2 )) 
BLADE CHORD AT TIP,FT. 
BLADE CHORD AT ROOT,FT. 
HINGE OFFSET,FT. 
HINGE TO START OF BLADE,FT. 
WEIGHT OP ONE BLADE,LBS. 
BLADE MOMENT OF INERTIA ABOUT HINGE,SLUG-FT«*2 
BLADE MASS MOMENT ABOUT HINGE,5LUG-FT*«2 
ROTOR POLAR MOMENT OF INERTIA (LESS BLADES),SLUG-FT**2 
BLAD2 TIP CUT OFF RATIO 
DELTA DRAG COEF. FOR EACH SEGMENT 
NUMBER OF BLADES SIMULATED,FIX POINT 
NUMBER Or SEGMENTS SIMULATED,FIX POINT 

? •• MAIN ROTOR NON LINEAR TWIST HAP •• 
; HAP LOOK UP NAME 
; INPUT VARIABLE NAME 
I   OUTPUT VARIABLE NAME 
> NAP NAME 

0.16,0.98,0.10  ; LOWER LIMIT,UPPER LIMIT,DELTA 

EXP    0.0,    0.0,   -1.017, -2.034, -3.050 
EXP   -4.067, -5.064, -6.101, -7.168 

MAIN ROTOR DOWNWASH SUBHODULE (IA) 

1.0 
0.0 
0.0 
01038 
0.0 
0.0 

; THRUST GAIN FOR UNIFORM DOWNWASH 
; PITCH.MOM.GAIN FOR DOWNWASH SIN.HARMONIC 
I ROLL MOM.GAIN FOR DOWNWASH COS.HARMONIC 
; TIME CONST.FOR UNIFORM DOWNWASH FILTER,SEC 
; TINE C3NST.FOR DOWNWASH SIN.HARMON.riLTER.SEC, 
I TIME .ONST.rOR DOWNWASH COS.HAIcHON. FILTER.SEC. 

rLAPPING/LAGGING DAMPED (IC) 

6053.0 I rLAFFI. . HI..it SPRING CONST. rT-LBS/RAO 
0.0 ; rLAPPIJi HINGE DAMPER CONST, PT-LBS-SEC/RAD 

; "SET Or MOUNTING DIMENSIONS FOP LAG DAMPER, INCHES** 
0.0 ; 
0.0 i 
15.6 
6.64 ; 
5.0 i 
,-7.5 I ALIGNMENT OPrSET IN RELATION TO LAG,DEG 
2.0 ; riXED BLADE PITCH RELATIONSHIP BET. ARM AND THCUrr 

INPUT PARAMETERS FOR ruSELAGE/WING («A) 
MOUNTING POINT OF RODEL IN WIND TUNNEL - 
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PSWPtt 300.0 
WLWF:: 140.0 
BLNF:: 0.0 
IWF:: 0.0 

LQFMP:: UVRUVRII 
ALFWFII 
LQFII 
LQFLO 

EXP    -20.0,20.0,2.0 
LQFHI 

TABLE C-l.  SA-365K SPECIFIC FILE (Cont'd) 

f FUSELAGE STATION,IN. 
f WATERLINE STATION,IN. 
j BUTTLINE STATIONEN. (•IVE TO PORT) 
; WING INCIDENT,DEC 

;•• TUSELAGE LITT (TAIL-OFF) VS ALFWF NAP •« 
;NAP ARGUMENT:LOOK UP ROUTINE 
;INPUT VARIABLE 
»OUTPUT VARIABLE 
;LOW ANGLE HAP NAME 
;LOWER LIH,UPPER LIH,DELTA 
»HIGH ANGLE HAP NAHE 

EXP -100.0,100.0,20.0  »LOWER LIH,UPPER LIH,DELTA 

LQFLO: EXP 
EXP 
EXP 
EXP 

* LOW /NGLE HAP:ALFWF -20 TO 20, DELTA - 
-10.26,    -9.61,    -8.29, -6.65, 
-3.86,    -2.63,    -1.64, -0.66, 
0.33,     1.02,     1.71,     2.40, 
3.78,      4.47,      5.16,     5.85, 
7.22 

-5.17 
-0.08 
3.09 
6.54 

LQFHI:  EXP 
EXP 

; HIGH ANGLE HAP:ALFWF -1C0 TO 100, DELTA - 20 
0.82,     -0.82,     -4.02,     -8.29, -10.26 
0.33,     7.22,      5.7J,     2.87, 0.82 

-0.82 

DQFHP:: UVRUVRII 
ALFWFII 
DQFIi 
-"»QFLO 

EXP   -20.0,20.0,2.0 
DQFHI 

EXP -100.0,100.0,20.0 

;•• FUSELAGE DRAG (TAIL-OFF) VS ALFWF HAP •• 
jHAP ARGUMENT:LOOK UP ROUTINE 
;INPUT VARIABLE 
»OUTPUT VARIABLE 
;LOW ANGLE HAP NAHE 
»LOWER LIH.UfPER LIH,DELTA 
;HIGH ANGLE HAP NAHE 
»LOWER LIH,UPPER LIH,DELTA 

DQFLO: EXP 
EXP 
EXP 
EXP 

LOW ANGLE HAP:ALFWF -20 TO 20, DELTA - 2 
9.02, 
6.19, 
6.06, 
6.70, 
7.86 

8.07, 
6.13, 
6.13. 
6.93, 

7.36, 
6.06, 
6.24, 
7.14, 

6.77, 
5.98. 
6.36, 
7.36, 

6.49 
5.96 
6.49 
7.57 

; HIGH ANGLE HAP, ALPHA FROM -iOO DEG TO 100 DEG, DEL-20 
DQFHI:  EXP      147.0,     136.0.      92.0,      35.7,      9.02 

EXP      6.06,      7.86.      34.1,     91.2.     137.0 
148.0 

HQFHP:: UVRUVRII 
ALFWFII 
HCfll 
r.Q FLO 

EXP   -20.0,20.0.2.0 
HQFHI 

EXP -100.0,100.0,20.0 

»••FUSELAGE PITCH HOH (TAIL-OFF) VS ALFWF HAP" 
.HAP ARGUMENT:LOOK UP ROUTINE 
{INPUT VARIABLE 
»OUTPUT VARIABLE 
»LOW ANGLE HAP NAHE 
»LOWER LIH.UPPER LIH,DELTA 
»HIGH ANGLE HAP NAHE 
»LOWER LIH,UPPER LIH,DELTA 

LOW ANGLE HAP: ALPHA FROH -20 DEG TC 20 DEG, DELTA - 2 
HQFLO: EXP 

EXP 
EXP 
EXP 

NQFBI:  EXP 
EXP 

•272.0. 
-214.0, 
-89.3. 
50.2. 

166.0 

-266.0, 
•194.0, 
-61.4, 
78.1. 

257.0, 
-173.0, 
-33.5. 
104.0, 

-246.C, 
-145.0. 
-5.59. 
129.0. 

-231.0 
-117.0 

22.4 
149.0 

» BIGH ANGLE HAP: ALPHA FROH -100 DEG TO 100 DEG. DEL-20 
13.7.    -13.7,    -106.0.    -220.0.    -272.0 

-69.3,    168.0.     137.0,     64.6,      6.2 
-6.2 
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TABU C-l.  SA-365R SPSCIP1C FILE (Cont'd) 

DLQFRP::UVftt« 
EXP    PSIWFM 

DLQPII 
DLQTL0 

EXP -20.0,20.0.2.0 

»••FUSELAGE DELTA L7FT (TAXL-OPP) VS PSIWP MAP** 
}HAP ARGUMENT:LOOK UP ROUTINE 
;INPUT VARIABLE 
»OUTPUT VARIABLE 
;HAP NAME 
;LOWER LIM,UPPER LIH,DELTA 

/PRIMARY MAP  PSIwr -20 TO 20 DKG, DELTA-2 DEG 
DLOFLO: EXP     -4.43, 

EXP     -1.52, 
EXP        0.0, 
1XP     -1.52, 

-4.43 

4.C6, -3.53, 
0.99. -0.57, 
0.0*. -0.25, 
2.1J, -2.79, 

2.7s*, -2.13 
0.25, -0.04 
0.57, -0.99 
3.53, -4.06 

DDQPMP::UVRUVRM 
PSIWFM 
DDOPfl 
DDQFLO 

EXP    -20.0,20.0,2.0 
DDOFRX 

EXP -loo.o ::o.0,20.0 

»•• FUSELAGE DELTA DRAG VS PSIWP HAP •• 
»RAP ARGUMENT:LOOK UP ROUTINE 
I INPUT VARIABLE 
»OUTPUT VARIABLE 
»LOW ANGLE HAP NAME 
»LOWER LIH,UPPER LIM,DELTA 
»HIGH ANGLE HAP NAHE 
»LOWER LIH.UPPER LIH,DELTA 

DDOFLO: EXP 
EXP 
EXP 
EXP 

»PRIHARY HAP - PSIWF FROH -20 TO 20 DEGREES. DELTA - 2 
15.0. 
3.6. 
0.0, 
3.6, 

15.0 

11.7. 
2.3, 
0.5, 
5.1, 

9.2, 
1.6, 
0.8, 
7.0, 

7.0, 
0.8, 
1.6, 
9.2, 

5.1 
0.5 
2.3 

11.7 

; HIGH ANGLE HAP: PSI -100 TO 100 DEGREES, DELTA - 20 
DDQPHI: EXP    134.0,     129.0,     98.2, 49.1, 15.0 

EXP      0.0,      15.0,     49.1, 96.2, 129.0 
134.0 

DMOrHP::UVRUVRil 
EXP     PSIWFM 

DHQFM 
DHOFLO 

EXP  -20.0,20.0,2.0 
DHQFHI 

;•• FUS. DELTA PITCH HOHENT VS PSIWP HAP •• 
;HAP AROUHENT-.LOOR UP ROUTINE 
{INPUT VARIABLE 
.-OUTPUT VARIABLE 
»LOW ANGLE HAP NAME 
/LOWER LIH,UPPER LIH.DELTA 
;HIGH ANGLE HAP NAHE 

EXP -100.0.100.0.20.0   /LOWER LIH,UPPER LIH.DELTA 

DHOFLO: EXP 
EXP 
EXP 
EXP 

.•PRIMARY   HAP  -   PSIWf  -20  TO  20   DEG,   DELTA-2   DEG 
61.0, 
20.9, 
0.0, 

20.9. 
61.0 

55.6, 
13.4. 
1.5, 

29.6, 

49.1 
6.2 
4.1 

39.0, 

39.0. 
4.1. 
8.2, 

49.1, 

29.9 
1.5 

13.4 
55.8 

.HIGH  ANGLE  HAP  - PSIWF  -100 TO  100   DEG 
DHQFHI:   EXP              -3.0,                 3.0. 23.9, 49.8,              61.0 

EXP                0.0,              61.0, 49.8, 23.9,                 3.0 
-3.0 

YOrHP: :   UVRUVRM 
EXP PSIWFM 

YOPIt 
YQTLO 

EXP  -20.0.20.0,2.0 
YQTHI 

EXP  -100.0,100.0,20.0 

»••   FUSELAGE  5IDEPORCE VS   PSIWP  HAP 
/HAP  ARGUHENT:LOOK  UP   ROUTINE 
/INPUT  VARIABLE 
/OUTPUT VARIABLE 
/LOW ANGLE  HAP  NAHE 
/LOWER   LIH.UPPER   MM   DELTA 
/•ICH   ANGLE   HAP   NAHE 
»LOWER LIH,UPPER LIH,DELTA 
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TAWJt C-l.     SA-3651 8PICI7IC FILE (Cont'd) 

YOPLO: EXP 
EXP 
EXP 
EXP 

YQFHI:  EXP 
EXP 

»LOW ANGLE HAP;PSI -20 TO 20 DEC 
-34.7, -29.6, -25.7, -21.7, 
-14.6, -11.5, -6.4, -5.5, 

0.0, 2.7, 5.5, 8.4, 
14.6, 17.7, 21,7, 25.7, 
34.7 

; HIGH ANGLE MAP; PSI -100 TO 100 DEG 
-3.9, -55.3, -103.0, -79.9, 
0.0, 34.7, 78.9, 103.0, 
3.9 

17.7 
-2.7 
11.5 
29.6 

•34.7 
55.3 

RQFHP:: UVRUVRI* 
EX"    PSIWFII 

ROTH 
RQFLO 

EXP  -20.0.20.0,2.0 
RQFHI 

EXP-100.0,100.0,20.0 

;•• FUSELAGE ROLLING HOK2NT VS PSIWF HAP •• 
»RAP ARGUMENT:LOOK UP ROUTINE 
;INPUT VARIABLE 
jOUTPUT VARIABLE 
»LOW ANGLE HAP NAHE 
;LOWER LIH,UPPER LIH,DELTA 
;HIGH ANGLE KAP NAHE 
;LOWER LIH,UPPER LIH,DELTA 

I LOW ANGLE HAP:PSIWF FROH -20 TO 20 DEG 
RQFLO:  EXP     -13.3,     -12.6,     -11.6,    -10.2, -9.1 

EXP      -7.9,     -6.3,     -4.9,     -3.5, -1.8 
EXP       0.0,      1.8,      3.5,      4.i, 6.3 
EXP       7.9,      9.1.      10.2.     11.6, 12.6 

13.3 

;HIGH ANGLE HAP:PSIWF FROH -100 TO 100 DEG 
RQFHI:  EXP     280.0,     280.0,     210.0, 0.0,     -13.3 

EXP       0.0,      13.3,      0.0, -210.0,    -280.0 
-260.0 

NOmP: : UVRUVRII 
EXP    PSIWFII 

Norn 
NQFLO 

EXP -20.0,20.0,2.0 
NO FBI 

EXP-100.0,100.0,20.0 

»•• FUSELAGE YAWING HOHENT VS PSIWF HAP •• 
»HAP  ARGUMENT:LOOK UP ROUTINE 
;INPUT VARIABLE 
»OUTPUT VARIABLE 
;LOW ANGLE HAP NAHE 
»LOWER LIH.UPPER LIH.DELTA 
»HIGH ANGLE HAP NAHE 
»LOWER LIH,UPPER LIH,DELTA 

NQFLO: EXP 
EXP 
EXP 
EXP 

»LOW ANCLE RAP:PSIWF -20 TO 20 DEG 
•85.5. 
95.3. 
0.0, 

95.3, 
80.5 

•101.0, 
-61.3. 
21.7. 

104.0, 

-108.0, 
-63.1. 
42.1, 

107.0, 

-107.0, 
-42.1, 
63.1, 

108.0, 

-104.: 
-21.7 
61.3 

101.0 

»BTGH ANGLE HAP:PSIWF -100 TO 100 DEG 
NQFHI:  EXP       771.0, 421.0.     260.0.     21C.0 

EXP        0.0. 85.5,    -210.0,    -280.0, 
-771.0 

-85.5 
-421.0 

ACTOR INTERFERENCE ON THE rUSLEAGE (HRPA) 

EXWFHP::BIV|| 
EXP 

»•• ROTOR X-FACTOR ON rUSELAGE HAP •• 
»HAP ARGUMENT:LOOK UP ROUTINE 

CHIPHRII.AAIFHRII »INPUT VARIABLEI 1, INPUT VARIABLEI 2 
ERXWFII »OUTPUT VARIABLE 
EXWFLO »PR1IUAY HAP NAME 

EXP 0.0,90.0.10.0,'D10 »LOWER LIH.UPPER LIH,DELTA.IITEMS 
EXP -10.0.10.0,10.0    »LOWER LIH.UPPER LIH.DELTA - AAlFHR 

fCBIPHR 0 TO 90 DEG FOR AAIFNB -10,0,10 DBG 
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TABLE C-l.  SA-365H SPECIFIC FILE (Cont'd) 

IXWFLO: CXP 
XXP 

lAAlfHR • -10 DEG 
0.34,     0.43, 
0.88,      1.01, 

0.54, 
1.15, 

0.64, 
1.30. 

0.76 
1.50 

EXP 
EXP 

;AAlFHR • 0 DEG 
0.11,     0.20, 
0.67,     0.81, 

0.31, 
0.96, 

0.43, 
1.15, 

0.55 
1.30 

EXP 
EXP 

jAAlTH» - 10 DEG 
•0.13,    -0.03. 
0.44,     0.58, 

0.08, 
073, 

0.19, 
n.90. 

0.31 
1.10 

,••* ROTOR Z-PACTOR ON FUSELAGE HAP •• 
EZWrnP::BIVM »TAP ARGUKENT;LOOK UP ROUTINE 
IXP    CHIPHRÜ.AA1PHRH ;INPUT VARIABLE!1,INPUT VARIABLE!2 

EKZWPÜ ; OUTPUT VARIABLE 
EZWFLO )PRIMARY HAP NAHE 

EXP 0.0,90.0,10.0,'D<0 ;LOWER LIH,UPPER LIH,DELTA,!ITEMS 
EXP -10.0,10.0,10.0    ;LOWER LIH,UPPER LIH.DELTA - AA1FHR 

EZWrLO: EXP 
EXP 

EXP 
EXP 

EXP 
EXP 

;rgIPHR 0 TO 90 DEG FOR AAlFHR -10,0,10 DEG 
;AAlFHR - -10 DES 

1 

1.19,     1.17, 
1.03.     0.99, 

1.14. 
0.95, 

1.10, 
0.89, 

1.07 
0.64 

;AAlFHR • 0 DEG 
1.24,     1.23, 
1.20,     1.16, 

1.23, 
1.17, 

1.22. 
1.16. 

1.21 
1.14 

;AAlFHR «10 DEG 
1.24,     1.25. 
1.31,     1.33, 

AHETERS FOR PANEL 11 ( 

1.27, 
1.35, 

RT HORIZON! 

1.28, 
1.37. 

1.29 
1.39 

FSP1: 
WLP1: 
BLP1: 
CAP1: 
GAHP1 
I0P1 : 
evit i 

494.0 
126.0 
-30.0 
8.0 
0.0 
-1.5 
i.O 

f FUSELAGE STATION,INCH ' 
; WATERLINE STATION.INCH 
; BUTTLINE STATION,INCH (*IVE TO PORT) 
I SURFACE AREA,FT*»2 
; PANEL ORIENTATION,DEG 
; PANEL INCIDENCE.DEG 
; PANEL REAM AERO CHORD.FT 

;•• HORIZONTAL STABILIZER (RT PANEL) LIFT VS ALFPP1 HAP •• 
}••   S-8.0 FT««2, AA-5.5. 4412 INVERTED AIRFOIL 

I HAP ARG'JHENTzLOOK UP ROUTINE 
.INPUT VARIABLE 
jOUTPUT VARIABLE 
{LOW ANGLE RAP NAHE 
jLOWER LIN,UPPER L'H,DELTA 
»HIGH ANGLE HAP NAME 
;LOWER LIH.UPPER LIH.DELTA 

CLP1HP::UVRUVR|| 
ALFPP1Ü 
CLP1M 
CLP1LO 

EXP -24.0.24.0.2.0 
CLP1HI 

EXP -90.0,90.0,15.0 

CLP1LO: EXP 
EXP 
EXP 
EXP 
EXP 

;LOM ANGLE RAP:ALFPP1 -24 TO 24 DEG. DELTA • 2 DEG 
•0.76, 
-1.13. 
0.57. 
0.17, 
0.51, 

-0.90, 
-1.07, 
-0.42. 
0.30. 
0.46. 

1.15. -1.19 
1.00, -0.66 
0.27. -0.12 
0.39. 0.45 
0.50. 0.55 

-1.17 
-0.71 
0.03 
0.49 
0.60 

jRIGH ANGLE HAPtALFPPl -90 TO 90 DEG. DELTA • 15 DEG 
CLP1HI: EXP       0.0.     -0.35,     -0.70,     -0.60.    -0.75 

EXP      -0.775.    -0.27,      0.45,      0.70.     0.80 
EXP       0.70,     0.35.      0.0 

••• HORIZONTAL STABILIZER (RT PANEL) DRAG VS A2.PPP1 HAP •• 
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TABLE C-l.    SA~3t»5N SPECIFIC FILE (Cont'd) 

CDP1HP::UVRUVR4* |HAP ARGUMENT .-LOOK UP ROUTINE 
ALFPP1CI (INPUT VARIABLE 
CDPlll ;OUTPUT VARIABLE 
CDP1L0 ;LOH ANGLE KAP NAHE 

EXP -24.0,24.0, 2.0     ;LOWER LIN,UPPER LIH,DELTA 
CDP1HI •HIGH ANGLE NAP NAME 

EXP -90.0,90.0, 15.0     »LONER LIN,UPPER LIM,DELTA 

;LOW ANGLE HAP:ALFPP1 -24 TO 24 DES, HELTA - 2 DEG 
CDP1LO: EXP 0.36,      0.35,      0.34,     0.32. 0.29 

EXP 0.21,     0.13,      0.08,     0.C6, 0.045 
EXP 0.03,     0.02,      0.013,    0.009, 0.009 
EXP 0.012,    0.016,    0.022,    0.03, 0.065 
EXP 0.11,     0.15,     0.18,     0.22, 0.26 

jHIGH ANGLE KAP:ALFPP1 -90 TO 90 DES, DELTA • 15 DEG 
CDP1BI: EXP 1.20,     1.12,     0.91,     0.65, 0.41 

EXP 0.285,    0.013,    0.165,    0.31, 0.58 
EXP 0.89,     1.12,      1.20 

.METER FOR ROTOR INTERFERENCE ON THE HORIZ.TA IL 11 (K 

;*• ROTOR X-FACTOR ON HORIZONTAL TAIL HAP •' 
EXP1HP: :BIVM ;KAP ARGUMENT : LOOK UP ROUTINE 
EXP    CHIPHRII.AAlFHRM ; INPUT VARIABLE! 1, INPUT VARIABLEI 2 

EKXPlt! ;OUTPUT VARIABLE 
EXP1LO ; MAP NAHE 

EXP 0.0,90.0.10.0,*D10 »LOWER LIH,UPPER LIH,DELTA,IITEHS 
EXP -10.0,10.0,10.0     SLOWER LIH,UPPER LIK,DELTA - AA1FHR 

EXP1LC: EXP 
EXP 

EXP 
tXP 

EXP 
EXP 

ILBIPHR 0 TO 90 DEG FOR AAlFHR -10,0,10 DEG 
; AAlFHR - -10 DEG 

0.14,      0.27, 
C.96,     1.17, 

0.43. 
1.41, 

0.60, 
1.69. 

0.77 
2.05 

{AAlFHR • 0 DEG 
-0.24,        -o.n, 
0.56,     0.80, 

0.05, 
1.04, 

o.n, 
1.32. 

0.3S 
1.62 

jAAlFHR - 10 DEG 
-0.64.     -0.52. 
0.11.      0.32. 

-0.39, 
0.56, 

-0.23, 
0.84. 

-0.07 
1.16 

{•• ROTOR Z-FACTOR ON HORIZONTAL TAIL HAP 
EZP1HP::BIVII |HAP ARGUMENT:LOOK UP ROUTINE 
EXP    CHIPHRH.AAlFHRIt {INPUT VARIABLE! 1 , INPUT VARIABLE* 2 

ERZP1II {OUTPUT VARIABLE 
EZP1LO {PRIMARY HAP NAME 

EXP 0.0,90.0,10.0,"D10 {LOWER LIH,UPPER LIH,DELTA.IITEHS 
EXP -10.0.10.0,10.0    {LOWER LIH.UPPER LIH,DELTA - AAlFHR 

{CBIPHR 0 TO 90 DEG FOR AAlFHP. -10.0,10 DEG 
{AAlFHR • -10 DEG 

ZZP1LO: EXP 1.56.      1.59. 1.60. 1.60,       1 t.60 
EXP 1.59,      1.59. 

{AAlFHR • 0 DEG 

1.57. 1.54. .51 

EXP 1.53.      1.58, 1.63. 1.67,         : L .72 
EXP 1.76.      1.80. 

/AAlFHR - 10 DEG 

1.84. 1.87.      J .90 

EXP 1.35.      1.44. 1.53. 1.63. 1.73 
EXP 1.63.     1.93. 

GE XWTERFERMCE ON TIE IG 

2.04. 

RIZ.TAIL 61 

2.15. 1.26 
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0P1KP: t  UVTMI 
ALFWF«! 
QP1QWFII 
QP1LO 

EXP -20.0,20.0,4.0 

;*• HORIZONTAL YAll DYNAMIC PRESSURE RATIO RAP" 
INAP ARGUMENT:LOOK UP ROUTINE 
;INPUT VARIABLE 
;OUTPUT VARIABLE 
;HAP NAME 
l LOWER LIH.UPPEÄ UH,DELTA 

QP1LO:  EXP 
EXP 

/ALFWF -20 TO 20 DEG, DELTA - 4 DEG 

1.00, 
.76, 

1.00 

.96, 

.79, 
82, 
82, 

.76, 

.85, 
.76 
.96 

EPP1HP::UVRM 
ALFWFIt 
EPSPlll 
EPP1LO 

EXP -40.0,40.0,5.0 

;•• BODY DCWNWASH ON HORIZONTAL TAIL KAP •• 
/HAP ARGUMENT:LOOK UP ROUTINE 
;INPUT VARIABLE 
|OUTPUT VARIABLE 
;KAP NAME 
(LOWER LIN,UPPER LIN,DELTA 

;LOW ANGLE RAP:ALFWF -40 TO 40 DEG, DELTA - 5 DEG 
EPP1LO: EXP       0.0,      1.0,      2.0,      3.0,      4.0 

EXP       3.6,      3.1,      2.6,      2.1,      1.S5 
EXP      1.0,       0.5,      0.0,      0.0,      0.0 
EXP      0.0,       0.0 

r INPUT PARAMETERS POR PANEL 12 (LT HORIZONTAL) 

PSP2 
NLP2 
BLP2 
SAP 2 
GAMP2:: 
I0P2:: 
CP2:: 

494.0 
126.0 
30.0 
6.0 
0.0 
-1.5 
1.0 

; FUSELAGE STATION,INCH 
; WATERLINE STATION,INCH 
; BUTTLINE STATION,INCH («-IVE TO PORT) 
/ SURFACE AREA FT*«2 
; PANEL ORIENTATION,DEG 
; TAIL INCIDENCE,DEG 
; PANEL KEAN AERO CHORD,FT 

;•• HORIZONTAL STABILIZER (LT PANEL) LIFT VS ALFPP2 KAP •• 
;•• S-S.O FT"2, AR-5.S. 4412 INVERTED AIRFOIL 

CLP2KP: :UVRUVRM 
ALFPP2U 
CLP2M 
CLP1LO 

EXP -24.0.24.0,2.0 
CLP1HI 

EXP -90.0,90.0,15.0 

;MAP ARGUMENT:LOOK UP ROUTINE 
/INPUT VARIABLE 
;OUTPUT VARIABLE 
;LOW ANGLE HAP NAME 
;LOWER LIM,UPPER LIH,DELTA 
/HIGH ANGLE MAP NAME 
/LOWER LIN,UPPER LIN,DELTA 

/•• HORIZONTAL STABILIZER (LT PANEL) DRAG VS ALFPP2 MAP •• 
CDP2MP: :UVRUVRM 

ALFPP2II 
CDP2M 
CDP1LO 

EXP -24.0.24.0.2.0 
CDP1HI 

2Xt -90.0,f0.0,15.0 

I MAP ARGUMENT:LOOK UP ROUTINE 
/INPUT VARIABLE 
/OUTPUT VARIABLE 
/LOW ANGLE RAP NAME 
/LOWER LIN UPPER LIN.DELTA 
/HIGH ANGLE HAP NAME 
/LOWER LIH,UPPER LIN,DELTA 

INPUT PARAMETER FOR ROTOR INTERFERENCE ON THE HORIZ.TAIL 12 (HRPA) 

/•• ROTOR X-FACTOn ON HORIZONTAL TAIL RAP •• 
EXP2MP:itZVfl /RAP ARGUMENT:LOOK UP ROUTINE 
EXP    CHIPHRH .AAlFHRH /INPUT VARIABLE! 1, INPUT VARIABLEI2 

EKXPJfI /OUTPUT VARIABLE 
EXULO »RAP RARE 

EXP 0.0,90.0 10.0.*D10 /LOWER LIN,UPPER LIM,DELTA,11 TENS 
EXP -10.0.10.0,10.0    /LOWER LIN,UPPER LIN,DELTA - AA1FMR 

/•• ROTOR S-FACTOR OW lORIZONTAL TAIL RAP •• 
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EZP2HP::BIV#| {NAP ARGUMENT:LOOK UP ROUTINE 
EXP    CHIPHRftft,AAlPHRH {INPUT VARIABLEI1, INPUT VARIABLE!2 

EKSP2II {OUTPUT VARIABLE 
EZP1L0 {NAP NAME 

EXP 0.0,90.0,10.0,"DIO {LOWER LIN,UPPER LIH,DELTA,IITEHS 
EXP -10.0,10.0,10.0    ;LOWER LIN,UPPER LIN,DELTA - AAlPHR 

J rUSELAGE INTERfERNCE ON THE HORIZ.TAIL 12 (NfPA) 

QP2MP:: UVR6I 
ALFWFM 
QP2QWFM 
QP1LO 

EXP -20.0,20.0,4.0 

;•• HORIZONTAL TAIL DYNAMIC 7RESSURF RATIO RAP«* 
;HAP ARGUMENT:LOOK UP ROUTINE 
»INPUT VARIABLE 
•OUTPUT VARIABLE 
{HAP NAME 
{LOWER LIU,UPPER LIH,DELTA 

EP1'2HP: :UVRf| 
ALFWFM 
EPSP2II 
EPP1LO 

EXP -40.0,40.0,5.0 

!•• BODY DOWNWASH ON HORIZONTAL TAIL RAP *• 
;HAP ARGUMENT:LOOK UP ROUTINE 
{INPUT VARIABLE 
;OUTPUT VARIABLE 
;MAP NAME 
{LOWER LIM,UPPER LIN,DELTA 

J INPUT PARAMETERS POR PANEL 13 (VERTICAL TAIL) 

PSP3 
NLP* 
BLP3 
SAP3 
GAMF3 
I0P3: 
CP3:: 

550.0 
184.0 
0.0 
20.0 
-90.0 
-3.5 
10 

> FUSELAGE STATION,INCH 
; WATERLINE STATION,INCH 
j BUTTLINE STATION,INCH (*IVE TO RORT) 
{ SURFACE AREA,FT««2 
{ PANEL ORIENTATION,DEG 
{ PANEL INCIDENCE.DEC 
{ PANEL FtEAN AERO CHORD, FT 

{•• S-7C VERTICAL STABILIZER LITT VS ALFPP3 MAP •• 
CLP3MP::UVRUVR6 0 

ALFPP3II 
CLP3M 
CLP3LO 

EXP -24.0,24.0.2.0 
CLP3HI 

EXP -90.0,90.0 15.0 

{MAP ARGUMENT:LOCK UP ROUTINE 
{INPUT VARIABLE 
{OUTPUT VARIABLE 
{PRIMARY (BASIC) HAP NAME 
{LOWER LIH,UPPER LIH,DELTA 
{HIGH ANGLE HAP NAME 
.LOWER LIH,UPPER LIH,DELTA 

{LOW ANGLE HAP:ALPPP3 -24 TO 24 DEC. DELTA • 2 DEC 
CLP3LO: EXP       -0.76. 

EXP       -0.68. 
EXP       -0.26, 
EXP        0.12. 

+ EXP        0.51, 

0.95, -0.89. -0.82, -0.75 
0.60. -0.52. -0   44, -0.36 
0.20. -0.12. -0.04, 0.04 
0.195. 0.27. 0.35, 0.43 
0.59. 0.66, 0.73. 0.66 

{HIGH ANGLE HAP:ALPPP3 -90 TO 90 DEC, DELTA • 15 DEC 
CLP3HI: EXP        0.0.      -0.35,     -0.70,     -0.77,     -0.70 

EXP       -0.85.     -0.12.      0.60,      0.70.      0.77 
EXP        0.70,      0.35,      0.0 

!•• S-76 VERTICAL STABILIZER DRAG VS ALPPP3 RAP 
CDP3HP::UVRUVR9 6 

ALPPP3II 
CDP3M 
CDP3LO 

EXP -24.0,24.0.2.0 
CDP3HI 

EXP -90.0.90.0,15.0 

;HAP ARGUMENT:LOOK UP ROUTINE 
{INPUT VARIABLE 
{OUTPUT VARIABLE 
{LOW ANGLE HAP NAME 
{LOWER LIH.UPPER LIH.DELTA 
{HIGH ANGLE HAP NAME 
{LOWER LIH.UPPER LIH.DELTA 

;LOW ANGLE KAP:ALFPP3 -24 TO 24 DEC. DELTA • 2 DEC 
CDP3LO: EXP        0.260,     0.215.     0.175.     0.145.     0.119 

EXP        0.0',7,     0.077.     0.061.     0.046.     0.034 
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EXP 
IXP 
EXP 

CDP3HX: EXP 
EXP 
EXP 

0.02S, 0.016, 0.011, 0.009, 0.009 
0.012. 0.017, 0.024, 0.034., 0.04? 
0.063, 0.080, 0.110, 0.150, 0.210 

{HIGH ANGLE HAP:ALPPP3 -90 TO 90 DEC, DELTA - 15 DEC 
1.20,     1.12, 0.89. 0.58,      0.31 
0.185,     0.011, 0.135, 0.26,      0.54 
0.86,     1.12. 1.20 

; ROTOR INTERFERENCE ON THE VERTICAL TAIL 13 (HRPA) 

{•• ROTOR X-FACTOR ON VERTICAL TAIL RAP •• 
EXP3HP::BIV6« |KAP ARGUMENT:LOOK UP ROUTINE 
EXP    CHIPHRII,AAlFHR!I ;INPUT VARIABLE!1,INPUT VARIABLEI2 

EKXF3M {OUTPUT VARIABLE 
EXP3 ;KAP NAME 

EXP 0.0,90.0,10.0,*D10 »LOWER LIN,UPPER LIN,DELTA,«ITEMS 
EXP -10.0,10.0,10.0    {LOWER LIH,UPPER LIN,DELTA - AAlFHR 

EXP3: EXP 
EXP 

EXP 
EXP 

EXP 
EXP 

jCfllPHR -20 TO 100 DEG FOR AAlFHR -10,0,10 DEG 
{AAlFHR - -10 DEG 
-0.47,     0.20, 0.38,     0.57,     0.78 
1.00,     1.24, 1.50,     1.82,     2.20 

{AAlFHR - 0 DEG 
-0.65, -0.78, 
0.59, 0.86, 

IAAlFHR - 10 DEG 
-0.64, -0.68, 
-0.90, -0.61, 

0.93 
1.15 

-0.92 
•0.66 

0.11, 
1.49, 

•0.94, 
•0.43. 

0.34 
1.86 

•0.94 
•0.10 

{•• ROTOR »-FACTOR ON VERTICAL TAIL HAP •• 
E2P3HP: :BIVM {HAP ARGUMENT:LOOK UV ROUTINE 
EXP    CBIPHRII.AAIFHRM {INPUT VARIABLE! 1. INPUT VARIABLE! 2 

EKZP3II tOUTPUT VARIABLE 
EZP3LO ;HAP NAHE 

EXP 0.0.90.0,10.0,*D10 {LOWER LIH,UPPER LIH,DELTA,fITEMS 
EXP -10.0,10.0,10.0    {LOWER LIB UPPER LIH,DELTA  - AAlFHR 

SZP3LO: EXP 
EXP 

EXP 
EXP 

{CHIPHR 0 TO 90 DEG FOR AAlFHR -10,0,10 DEG 
{AAlFHR - -10 DEG 
-0.15,      1.75,      1.77,     1.76. 
1-78.      1.77.      1.76.     1.75. 

EXP 
EXP 

{AAlFHR • 0 DEG 
-0.24. -0.10, 
2.09. 2.14. 

{AAlFHR • 10 DEG 
n.CB. 0.22, 
1.06, 1.36, 

0.03 
2.18, 

0.39, 
1.71, 

1.97, 
2.20 

0.59, 
2.07, 

FUSELAGE INTERFERENCE ON TIE VERTICAL TAIL 4 3 (WFPA) 

OP3KP: 
EXP 

EXP 
EXP 

{•« 8-76 VERTICAL TAIL DTNAHIC PRESSURE RATIO HAP •• 
: BlVii {HAP ARGUMENT:LOOK UP ROUTINE 
»SIWFM.ALFWFII {INPUT VAX X ABLE« 1, INPUT VARIABLE! 2 
0P3OWF«« {OUTPUT VARIABLE 
OP3LO {HAP NAHE 

-20.0.20.0.4.0.13 {LOWER LIH.UPPER LIH,DELTA,«ITEHS 
-10.0,10.0,5.0 {LOWER LIN,UPPER LIN,DELTA - ALFWF 

OP3LO:     IXP 

{LOW  AiJGLE  RAPiPSIWF   -20  TO  20  DEG   FOR  ALPttF  -10.0.10 
fALFWF  •  -10   DEG 

1.000. 0.960, 0.95C, 0.920, O.lBO 
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EXF 

EXP 
EXP 

0.825, 
1.00 

0.180, 

lALFWF - -5 DEG 
1.000, 0.970. 
0.786, 0.810, 
1.000 

0.920, 

0.910, 
0.8B0, 

0.950, 

0.680, 
0.910, 

0.980 

0.810 
0.970 

EXP 
EXP 

EXP 
EXP 

EXP 
E.TP 

»ALFWF - •) DEG 
1.000, 0.960, 
0.750, 0.770, 
1.00 

lALFWF • 
1.000, 
0.710, 
1.000 

5 DEG 
0.940, 
0.720, 

;ALF*r  - 10 DfiG 
1.000, 0.910, 
0.670, 0.680, 
1.00 

0.890, 
0.850. 

0.850, 
0.790, 

0.820, 
0.730, 

0.850, 
0.690, 

0.790, 
0.850, 

0.730, 
0.820, 

0.770 
0.960 

0.720 
0.940 

0.680 
0.910 

PSP4:: 
WLP-1: : 
•IF«:: 
SAM: : 

INPUT PARAMETERS POP PANEL «4 (PAN BASE) 

554.7 
136.1 
0.0 
17.13 

GAHP4:: -90.0 
I0P4:: I 
CP4::        1.0 

CLP4HP::UVRUVRtl 
ALF?P4H 
CLP4II 
CLP4I.0 

EXP -20.0.20.0,2.0 
CLP4HZ 

j FUSELAGE STATION,INCH 
r WATERLINE STATION,INCH 
l BUTTLINE STATION.INCH <*XVE TO PORT) 
I SURFACE AREA,FT«*2 
I PANEL ORIENTATION.DEG 
I PANEL INCIDENCE,DEG 
; PANEL MEAN AERO CHORD,FT 

!•• FAN 6ASE LIFT VS ALFPP4 RAP •• 
jRAP ARGUMENT:LOOK UP ROUTINE 
IINPUT VARIABLE 
IOUTPUT VARIABLE 
;LOW ANGLE NAP NAHE 
{LOWER LIH.UPPER LIH,DELTA 
{HIGH ANGLE RAP NAHE 

EXP-100.0,100.0,20.0   jLOWER LIH.UPPER LIH.DELTA 

CLP4LC: EXP 
EXP 
EXP 
EXP 
EXP 

CLP4HZ: EXP 
EXP 
EXP 

»LOW ANGLE HAP:ALPPF4 -20 TO 20 DEG, DELTA 
-0.165, -0.160, -0.154,    -0.146, 
-V.104, -0.082, -0.061,    -0.040, 
3.003. 0.024, 0.045,     0.066. 
0.109, 0.130, 0.118.     0.146. 
0.165 

2 DEG 
-0.125 
-0.019 
0.066 
0.157 

fHIGH ANGLE RAP:ALFPP4 -100 TO 100 DEG, DELTA • 20 DEG 
0.024. -0.024. -0.071, -0.116,    -0.165 
0.003, 0.165, 0.116, 0.071,     0.024 

-0.024 

)•• FAN BASE DRAG VS ALFFP4 HAP 
CDP4HP: -.UVRUVBM 

ALPPP4M 
CDP43I 
CDP4LO 

EXP -20.0.20.0.2.0 
CDP4HI 

EXP-100.0.100.0.20.0 

IHAP ARGUHENTiLOOR UP ROUTINE 
I INPUT VARIABLE 
lOUTPUT VARIABLE 
I LOW ANGLE RAP HARE 
ILOWER LIH.UPPER LIH,DELTA 
fRIGH ANGLE RAP MARE 
ILOWER LIH.UPPER LIH.DELTA 

I LOW ANGLE RAP:ALFPP4 -24 TO 24 DEG, DELTA • 2 DEG 
CDP4LO: EXP        0.160,     0.141.     0.130.     0.124,     0.119 

EXP       0.115,     0.112.     8.109.     6.107,     6.106 
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EXP                  0.105,            0.106,            0.107, 0.109. 0.112 
J"                  l.Xxl:            0.119.            0.124. 0.130. 0.141 
EXP                    0.160 

»HIGH  ANGLE HAP.ALFPP4   -1Ü0  TO   100  DEC   DELTA -   JO   DEC 
.596,      .532,      .4->6, .286, .160 
ISS      .160,      .286, .476, .532 

CDP4HX: EXP 
EXP 
EXP       .596 

ROTOR INTERFERENCE ON THE TAN BASE 14 (RRPA) 

/•• ROTOR X-PACTOR ON TAN BASE HAP •• 
EXF4HP-BIVI5 >*** ARGUHENT:LOOK UP ROUTINE 
EXP    oilPRRII.AAlFHRII »INPUT VARIABLEI1.INPUT VARIABLEI2 

EKXP4II »OUTPUT VARIABLE 
tXP4 fLOw ANGLE HAP NAHE 

EXP 0.0,90.0,10.0,"D10 HOW. .TR,UPPER LIH,D*LTA,IITEHS 
EXP -i0.0.10!0,10.0    iLOWER LA".'WM LIH.TELTA - AA1FHR 

|CIX»HH 0 TO 90 DEG POR AAlPHR -10,0,10 DEG 
»AAlFHR - -10 DEG 

EXP4:   EXP        0.17,      0.32, 
EXP        1 08,      1.30, 

;AAlPHR - 0 DEG 
EXP       -0.41,     -0.34, 
EXP        0.72,      0.96, 

»AAlFHR • 10 DEG 
EXP       -0.54,     -0.66. 
EXP       0.30,     0.56. 

;•• ROTOR Z-PACTOR ON PAN BASE HAP •• 
EIP4HP--BWM »RAP ARGUHENT:LOOK UP ROUTINE 

XP  'cHIPHRII.AAlFRRM »INPUT VARIABLEI1.INPUT VARIABLE62 
EKZP4II .-OUTPUT VARIABLE 
EZP4LO jLOW ANGLE HAP NAHE 

EXP 0 C.90.0,10.0,"Dl0 »LOWER LIH.UPPER LIH,DELTA,IITEHS 
EXP -10.0.10.0,10.0    »LONER LIH,UPPER LIH.DELTA  - AAXTHR 

»CH1PHR 0 TO 90 DEG POR AäIPHR -10.0,10 DEG 
lAAirHR - -10 DEG 

EZP4LO: EXP        1.72.      1.74, 
EXP        1.71.      1.69. 

»AAlFHR - 0 DEG 
EXP       -0.24.      0.71. 
EXP        1.94.      1.97. 

lAAlPHR - 10 DEG 
EXP       -0.27.     -0.18. 
EXP        2.18.      2.2«. 

0.50, 
1.55. 

0.68, 
1.84, 

0.87 
2.20 

0.11. 
1.22, 

0.30, 
1.49, 

0.50 
1.75 

-0.81. 
0.84, 

-0.93, 
1.16, 

0.06 
1.47 

1.74. 
1.6«. 

1.73. 
1.63, 

1.72 
1.60 

1.84. 
1.99. 

1.88. 
2.01. 

1.91 
2.03 

-003, 
2.13. 

0.22. 
2.41, 

2.0« 
2.49 

....... fuSELAGE INTERFERENCE ON THE FAN RASE 14 (NFPA) 

»•• FAN BASE DTNAHIC PRESSURE RATIO HAP •• 
OMHP • OVMI '**' ARGUHENT:LOO* UP ROUTINE 
EXP "' PSINFM »INPUT VARXABL« 

QMQMF«« »OUTPUT VARIABLE 
Q>4L0 »PRI*»RY HAP NAHE 

EXP  -20.0,20.0.4.0    »LOWE* 'IN.UPPER LIN.DiU.TA 

,VO« ANGLE HAP: PS. -«F -50 TO 20 DEG. DELTA-4 DEÜ 
n»iLO-  IXP       100.     0.1       0.85.      0.62.     0.71 
0r4L0-  "I       0.70.      0.71.     0.82,     0.65.      0.95 EXP 

1.00 
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PSP5 
WL?5 
BLP5 
SAPS 
CAMP 5 
I0P5: 
CP5:: 

INPUT PARAMETERS POR PANEL IS (RT ENDPLATE) 

495.0 ; PUSELACE STATION,INCH 
126.0 ; WATERLINE STATION,INCH 
-63.2 ; BUTTLINE STATION,INCH (*IVE TC PORT) 
1..0 ; SURFACE AREA,FT**2 
9C.0 ; PANEL ORIENTATION,DEG 
6.0 ; PANEL INCIDENCE,DEG 
1.0 ; PANEL MEAN AERO CHORD,FT 

;*• ENDPLATE (RT PANEL) LITT VS ALPPPS NAP •• 
CLP5HP::UV?.UVRII 

ALPPP5II 
CLP5II 
CLP5LO 

EXP -30.0,30.0,5.0 
CLP5HI 

EXP -90.0,90.0,30.0 

;HAP ARGUMENT:LOOK UP ROUTINE 
;INPUT VARIABLE 
IOUTPUT VARIABLE 
;LOW ANGLE NAP NAME 
{LOWER LIH,UPPER LIN«DELTA 
;HIGH ANGLE HAP NAME 
,-LOWER LIM,UPPER LIN,DELTA 

CLP5LO: EXP 
EXP 
EXP 

CLPSHX: EXP 
EXP 

;LOW ANGLE MAP:ALPPPS -30 TO 30 DEG, DELTA - 5 DEG 
-0.65, -0.93, -1.01,     -0.91,     -0.65 
-0.33, 0.0, 0.33,      0.65,      0.91 
1.01, 0.93, 0.65 

;dIGH ANGLE HAP:ALrppS -90 TO 90 DEG, DELTA • 13 DEG 
0.0.     -0.33,     -0.65,      0.0.      0.65 

0.33,      0.C 

;•• ENDPLATE IRT PANEL) DRAG VS ALPPP5 NAP •• 
CDPSMP: IUVRUVRM 

ALFP»Sll 
CDP5II 
CDP5LO 

EXP -30.0.30.0,5.0 
CDPSHI 

EXP -90.0.90.0.15.0 

;MAP ARGUMENT:LOOK UP ROUTINE 
;INPUT VARIABLE 
;OUTPUT VARIABLE 
I LOW ANGLE HAP NAME 
;LOWER LIN,UPPER L!H,DELTA 
,HIGH ANGLE HAP NAHE 
,-LOWER LIM,UPPER LIH,DELTA 

CDP5LC: fXP 
EXP 
EXP 

CDP5MI: EXP 
EXP 
EXP 

;LOW ANGLE HAP:ALPPPS -30 TO 30 DEG. DELTA • S DEG 
0.49.      0.37, 0.29, 0.19. 0.06 

0.023,     0.013. 0.023. 0.06. 0.19 
0.29.      0.37. 0.49 

.RICH ANGLE HA.VALPPPS -90 TO 90 DEG, DELTA • 30 DEG 
1.20,      1.16, 1.04. P.15. 0.4. 
0.19.     0.013, 0.19. 0.49. 0.85 
1.04,      1.16. 1.20 

{ INPUT PARAMETER POR ROTOR INTERFERENCE ON TIE ENDPLATE IS (MRP/,) 

;•• ROTOR X-PACTOR ON ENDPLATE HAP •• 
EXP5MP::BIV#I ;HAP ARGUMENT:LOOK UP ROUTINE 
EXP    CHIPHRII.AA1PMRM {INPUT VARIABLEI1,INPUT VAAIABLEI2 

EKXP5II .OUTPUT VARIABLE 
EXP1LO ,HAP NAME 

EXP 0.0.90.0.10.0.'D10 {LOWER LXM,UPPER LIH.DELTA.IITEHS 
EXP -10.0.10.0,10.0    {LOWER LIM.UPPER LIM.DELTA - AA1FHR 

{•• ROTOR l-PACTOR ON ENDPLATE HAP •• 
KXP5HP:iBIVll {HAP ARGUMENT:LOOK UP ROUTINE 
EXP    CMIPMRII.AA1PMRII {INPUT VARIABLE!1,INPUT VARIABLEI 2 

ERZP5II {OUTPUT VARIABLE 
EIP1LO {PRIMARY (BASIC» HAP NAHE 

EXP 0.0.90.0,10.0."D10 {IOWFR LIM.UPPER LIH.DELTA.IITEMS 
SIP -10.0,10.0,10.0     (LONER LIH.UPPER LIH.DELTA - AAlPRR 
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TABLE G-l.  SA-365N SPECIFIC FILE (Cont'd) 

FUSELAGE XNTERFERNCE ON At  INDPLATE IS (WFPA) 

QP5HP:: UVRil 
PSIWFI* 
QP5QWFM 
QP5L0 

EXP -30.0,30.0,5.0 

I** ENDPLATE DYNAMIC PRESSURE RATIO MAP** 
»MAP ARGUMENT:LOOK UP ROUTINE 
»INPUT VARIABLE 
»OUTPUT VARIABLE 
;PRIMARY MAP NAME 
;LOWER LIM,UPPER LIM,DELTA 

»PSIWF -30 TO 30 DEG, DELTA - 5 DEG 
QPSLO:  EXP       1.00,      1.G0, 1.00, 1.00, 

EXP       1.00,     1.00, 1.00, 0.87, 
EXP      0.65,     0.57, 0.52 

1.00 
0.75 

» INPUT PARAMETERS POR PANEL «6 (LT ENDPLATE) 

PSP6:: 
WLP6:: 
BLP6:: 
SAP6:: 
GAMP6: 
I0P6:: 
CP6:: 

495.0 I FUSELAGE STATION,INCH 
126.0 J WATERLINE STATION,INCH 
63.2 > BUTTLINE STATION,INCH (-HVE TO PORT) 
10.0 ; SURFACE AREA FT**2 
90.0 ; PANEL ORIENTATION,DEG 
6.0 ; TAIL INCIDENCE,DEG 
1.0 ; PANEL HEAN AERO CHORD,FT 

;•• ENDPLATE (LT PANEL) LITT VS ALFPP6 HAP *• 
»•• S-8.0 FT**2, AR-5.5, 4412 INVERTED AIRFOIL 

CLP6HP: :UVRUVRM 
ALFPP6II 
CLP6M 
CLP5LO 

EXP -30.0,30.0,5.0 
CLP5HI 

EXP -90.0 90.0,30.0 

»MAP ARGUMENT:LOOK UP ROUTINE 
»INPUT VARIABLE 
»OUTPUT VARIABLE 
»PRIMARY (BASIC) HAP NAME 
»LOWER LIHIT, UPPER LIHiT,DELTA - LOW ANGLE HAP 
/SECONDARY (HIGH ANGLE) HAP NAHE 
;LOWER LIHIT, UPPER LIHIT, DELTA - HI ANGLE HAP 

•• ENDPLATE (LT PANEL) DRAG VS ALFPP6 HAP •• 
CDP6HP::UVRUVRM 

ALFPP6H 
CDP6H 
CDP5LO 

EXP -30.0,30.0,5.0 
CDP5HI 

EXP -90.0,90.0,15.0 

;MAP ARGUMENT:LOOr. UP ROUTINE 
;INPUT VARIABLE 
;OUTPUT VARIABLE 
;PRIMARY (BASIC) HAP NAHE 
;LOWER LIHIT, UPPER LIHIT, DELTA - LOW ANGLE HAP 
;SECONDARY (HIGH ANGLE) HAP NAHE 
»LOWER LIMT, UPPER LIHIT, DELTA - HI ANGLE HAP 

; INPUT PARAHETER FOR ROTOR INTERFERENCE ON *NDPLATE 16 (HRPA) 

EXP6HP::cONSTH 
EXP    EKXF1II 

ERXP6M 

EZP6HP::CONST!• 
EXP    EKZPlIt 

EKZP6M 

»•• ROTOR X-FACTOR ON ENDPLATE HAP •• 
»HAP ARGUHENT:LOOR UP ROUTINE 
I INPUT VARIABLE 
»OUTPUT VARIABLE 

»•• ROTOR Z-FACTOR ON ENDPLATE HAP •• 
I HAP ARGUMENT:LOOK UP ROUTINE 
»INPUT VARIABLE 
»OUTPUT VARIABLE 

» FUSELAGE INTERFERKCE ON ENDPLATE 16 iWFPA) 

QP6HP:: UVRIt 
PSIWFM 
QP6QWFM 
OPfLO 

EXP -30.0,30.0.5.0 

»•• ENDPLATE DYNAMIC PRESSURE RATIO HAP** 
»HAP ARGUMENT:LOOR UP ROUTINE 
»INPUT VARIABLE 
»OUTPUT VARIABLE 
»PRIHARY (BASIC) HAP NAHE 
»LOWER LIHIT, UPPER LIHIT, DELTA 

QP6LO:  KXP 
iPSXWF -30 TO 30 DEG 

0.52.     0.57. 
DELTA • 5 DEG 

0.65,     0.75.     0.17 

385 



EXP 
EXP 

TABLE C-l.     SA-365H SPECIFIC FILE (Cont'd) 

1.00, 1.00. 
1.00. 

1.00, 
1.00. 

1.00. 
1.00 

1.00 

» INPUT PARHATERS FOR TAIL P.OTOR (IE) - (FENESTRON) 

RTR:: 
OMEGTR 
BTR:: 
FSTR:: 
WLTR-: 
BLTR:: 
TWSTTR 
BIASTR 
GAHTR: 
CHRDTR 
ATR:: 
BTLTR: 
CDTR:: 
ETR:: 
CTHXTR 
CTHNTR 
TAÜDTP. 
DRD0TR 
DRU17R 
DRD2TR 
BWRLTR 
IBTR:: 
RXKSH: 
RAMREC 
SDUCTX 
RHU:: 
DQTR:: 

1.805   .-RADIUS, FT 
::383.8  »TRIM ROTATIONAL RATE,RAD/SEC (1001 NR) 
11.0    ;ACTUAL NUMBER OF BLADES 
554.7   »FUSELAGE STATION,IN 
136.1   »WATERLINE STATIONEN 
0.0     ,-^UTTLINE STATIONEN (*IVE TO PORT) 
::-13.2  »«LADE TWIST,DATUM CENTER OF ROTATION,DEG 

: 5.87  jBLADE PITCH CORRECTION FOR N.L.TWIST(NEG REDUCES PITCH) 
-90.0   ;TA!L ROTOR CANT ANGLE,DEG 

: :.164.1  »BLADE CHORD,FT 
5.73    »BLADE LIFT CURVE SLOPE,1/RAD 

.99     »BLADE TIP LOSS FACTOR 
0.0     »TAIL ROTOR HEAD DRAG,FT**2 ( GOES NOWHERE IN TRE ) 
0.4889 »RATIO OF FAN TO HUB DIAMETERS 
:0.0896  »ISOLATED FAN MAXIMUM THRUST COEFFICIENT 
:-0.0378 »ISOLATED FAN MINIMUM THRUST COEFFICIENT 

:: 0.1    ;TIKE CONSTANT FOR LAGGED TAIL ROTOR DOWNWASH 
. :.0012  »BLADE SECTION DRAG COEFFICIENTS WHERE: 
i-0.0169        ; CD-DRD0TR*DRD1TR*ALPHA*DPD2TR*ALPHA**2 
:0.3096 » (ALPHA IS IN RADIANS) 
: 0.0   »1.»INCLUDE SWIRL EFFECT, 0.-NEGLECT IT 
1.0    »FAN POLAR MOMENT OF INERTIA (SLUGS-FT«*2) 
0.5   » SO.:E SORT OF SWITCH (SET TO 0.5 IN FIF5A.MAC167,1601) 

: 0.45  » PERCKNT RAH RECOVCRY 
: 7.785 » DUCT EXIT AREA 
0.0    » FACTOR ON THE MU EFFECT IN BAILEY COEFFICENTS 
1.5 » EQUIVALENT FLAT PLATE RAM DRAG IN FORWARD FLIGHTtFT**2) 

I 

I 

> 
» 
RCOLHP::UVRH 

VTR!! 
RCOLil 
RCOL0 

EXP  0.0,300.0,100.0 
» 
j DATA FC«  RCOL - JVt( VTR ) 
» 
RC0L0:   .P    0.0, 0.75, ..25, 0.75 
» 
,•*•••• tOTOR INTLRFERNCE ON TAIL "ROTOR (HRPA) 

K C O L H P ... INLET CENTER OF LIFT/FAN RAD • MAX «31* 

> UNIVARIATE MM TYft 
» INPUT:   VTR, FT/SEC 
» OUT»Uf 
i LABEL OF MAP DATA START 
; LOWER LIH,UPPER LIH,DELTA VTR RANGE 

EXTRHP::CONST!l 
EKXP4M 
EKXTRÜ 

KZTRMP::CONST!• 
ERZP4H 
EKZTR!! 

»•• ROTOR X-FACTOR ON TAIL ROTOR MAP •• 
»MAP ARGUMENT:LOOK UP ROUTINE 
»INPUT VARIABLE 
»OUTPUT VARIABLE 

»HAP ARGUMENT:LOOK UP ROUTINE 
(INPUT VARIABLE 
»OUTPUT VARIABLE 

•* 

I 7USELAGE INTERFERENCE ON THE TAIL ROTOR (WFPA) 

QTRHP:: CONST!I 
OP4QWF 
QTRQWFM 

>•• TAIL ROTOR DYNAMIC PRESSURE RATIO MAP •• 
»HAP ARGUMENT:LOOK UP ROUTINE 
»INPUT VARIABLE 
»OUTPUT VARIABLE 

I VERTICAL TAIL INTERFERENCE ON TAIL MOTOR INFLOW 
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TABLE 6-1. SA-365N SPECIFIC FILE (Cont'd) 

I** TAIL ROTOR BLOCKAGE NOT USED FOR PANTAIL 
VBVTTR:: O.C | AIRSPEED BREAK PT. - NO BLOCKAGE ABOVE,KT. 
KBVTTR:: 1.0 ; TAIL ROTOR BLOCKAGE COEF. AT HOVER 

; INPUT PARAMETERS FOR EQUATIONS OF MOTION («A) 

FSCG:: 300.0 
WLCC:: 140.0 
BLCG::    0.0 

WEIGHT::8750.0 
IX:: 2444.0 
IY.: 15130.0 
12:: 13490.0 
1X2:: 726.0 
IYZ:: 0.0 
IXY:: 0.0 

; FUSELAGE STATICS,OF CG.,INCH 
; WATERLINE STATION OF CG., INCH 
;   BUTTLINE STATION Or CG., INCH (*IVE TO PORT) 

I  AIRCRAFT GROSS WEIGHT,LBS. 
; INERTIA ABOUT BODY X-AXIS,SLUG-FT**2 
; INERTIA ABOUT BODY Y-AXIS,SLUG-FT**2 
I INERTIA ABOUT BODY Z-AXIS,SLUG-FT**2 
; CROSS COUPLING INERTIA,SLUG-FT**2 
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Figur« C-2.  SA-365H Longitudinal Stick Correlation 
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Figur« C-9.     SA-36MI  Fu*«l«gc  Uft Kap 
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Figur« C-ll.     SA-365H P\u«Ug«   Pitching RoMnt M*p 
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Figure C-12.     SA-365N  Iu*«l«ge Delta Uft lUp 
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Figur« C-13.  SA-365« Fuaalaga Oalta Drag Kap 
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Figur« C-14.     SA-365N Fu»«l*g« Delt* Pitching HosMCt Kap 
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Figur« C-15.     SA-365H Fuselag« Sidaforc« Nap 
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Figur« C-16.     SA-365M Fuselage Lolling Hoawnt Kap 
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Figur« C-17.     SA-36511 Fu««Ug« YnrlE* SfoMnt H*p 
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Figur«  G-18.     SA-365M Rain Rotor Dovnvaah on Fuselage  Map   (x-direction) 
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Figur« C-19.     SA-365H Main >r Dovnwaah on Fu»«Ug« HAD  («-direction) 
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Figur« C-20.     SA-365N Horizontal  Stabilerer  Lift Kap 

407 



-100.00 

Figure C-21.  SA-36511 Horizontal Stablllxor Drag Hap 
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Figur« C-22.  SA-365H Haln Motor Do*rnw**h on Horizontal 
Stabilizer Map (x-dlroctlon) 
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Figur«  C-24.     SA-36SN fuselag» DovüVAsh on Horizontal 
St*blllz«r lUp 
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Figur« C-25.     SA-36SN Dynaalc  Praaaura latlo at HorUonul  Stabilixar Hap 
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Figure C-26.     SA-365H Vertical Stabilizer Lift Map 
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Figur« C-27.     SA-365N V«rtlc*i  Stabillx«r Drag Kcp 
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Figure C-28.     SA-365N >Uln Rotor DOVTWAAD on Vertical Stabil'rer K*p  (m-dlrectlon) 
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Figur« G-29.     SA-USN lUln Rotor Dovmrash on Vartlcal  Stabiliser lUp  (r-direction) 
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Figur« C-30.     SA-365N Dynamic Prwaaur« Ratio at Vertical Stabilizer Hap 
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Figure C-31.  SA-36SN Fan Shroud Lift Hap 
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Figur« C-32.  SA-365N Fan Shroud Drag Kap 
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Figur« C-33.     SA-765N tUin Rotor Dovovtsh on Fan Shro-Ki IUp  (x-dir«ctloo) 
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Figur« C-34.     SA-365K Hum Rotor Duvuv««h on Tan Shroud H*p  (s-oiroctlon) 
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Figur« C-35.    SA-36511 Dynamic Praaaur« latio on Fan Shroud Map 
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rigura C-36.  SA 365H Indplat« Lift Hap 
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Figur« C-37.     SA-365N  EwtpUt«  Drag Map 
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Figur«  C-31.     SA-365M Dynamic  "reasur* latlo on Left  Indplata Nap 
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Figur* C-39.  SA 365K Dynamic Fraaaur« Ratio on tM&ht Lodplata Rap 
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APPENDIX H 

Ml-2? MPPEl PnTA 

The Mi-28 HAVOC (Figure H-l) is a large attack helicopter that has been und 
development since 1980 by the Mil Design Bureau in the Soviet Union. It Is 
very large compared to Western attack helicopters as shown in the profile 
comparison of Figure H-2. Gross weight is estimated to be 22,984 pounds for a 
typical ground attack mission. The main rotor is 56 feet 5 inches in diamecer 
and power is supplied by two Isotov TV3-117 tuiboshaft engines flat-rated to 
2200 shp at 2000 meters (density altitude of 6561 feet). 

The flve-bladed main rotor is of conventional articulated design with an 
estimated flapping hinge offset of 5.5 percent. The rotor blades are of 
composite construction employing cambered airfoils. The four-bladed tail 
rotor Is 12 feet 7 inches in diameter and consists of two coaxially-mounted 
two-bladed teetering rotors. These blades are "scissored" with a 35/145 
degree spacing. A small horizontal tail Is fitted to the top of the vertical 
fin opposlce the tail rotor. Although strut-braced, this surface has an 
actuator to provide limited incidence variation. 

The cockpit is a tandem configuration and Is heavily armored. A 30mm gun is 
fitted to a chin turret under the nose. Stub wings protrude from the bottom 
of the engine nacelles to provide for carriage of external stores. 

The Genhel simulation model for the Mi-28 was based on several unclassified 
sources. First, numerous photographs of the aircraft taken at the 1989 Paris 
Airshcw were used to create a three-view drawing. This was possible because 
certain key dimensions were known. This provided the geometry fcr the 
location of components along with areas and incidences of the aerodynamic 
surfaces. Second, the Soviet delegates provided information on weights, rotor 
speed and engine performance. Finally, ether parameters were estimated using 
existing Sikorsky techniques. For example, the fuselage aerodynamics were 
scaled-up from Apache data as noted in Appendix M. Inertias were esrimated 
using the parametric equations in Appendix G. Rotor interference velocities 
on fuselage and empennage were calculated using an existing Heyson downwash 
program. 

No flight test data were available for correlation, but Mi-28 trim character- 
istics were compared to those of the UH-60A and AH-64A as illustrated in 
Figures H-3 '.o H-9. Note that the CenHel Mi-28 model employed the 
"conventional" direction for rotor rotation, i.e., advancing blade on the 
right side. The actual aircraft has the opposite rotation, so the trim stick 
positions for lateral cyclic and pedal would be mirror-Imaged for the actual 
helicopter. 
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The dominating factor in the Mi-28 trim data is the small size of the hori- 
zontal tail. In a helicopter, the horizontal tail makes a major contribution 
to longitudinal characteristics. In addition to providing pitch stability and 
pit~h damping, the stabilizer tends to hold the fuselage at a level attitude. 
If the rotor has a strong hub moment capability, the torward inclination of 
the disk to provide propulsive force generates a strong nose down pitching 
moment. If the fuselage pitches down -o large angles, tne drag increases 
significantly and increases the required disk tilt even more. A large hori- 
zontal tail holds the body at a more level attitude, but does increase the 
bending noment on the main rotor shaft. 

As noted earlier, the horizontal tail on the HAVOC appears to be very small, 
around 14 square feet. The Sikorsky design «poroach would yield a tail of at 
least twice this area. Looking at the pitch altitude data of Figure H-3, note 
that the Mi-28 trims out at more than ten degrees nose-down at 160 knots while 
the BLACK HAWK and Apache t~im at minus four degrees. Sikorsky experience 
indicates that a nose-down pitch attitude of more than five degrees is uncom- 

fortable to the pilots. 

The longitudinal stick position versus airspeed is somewhat less forward thar 
the Apache and BLACK HAWK, while the lateral stick is relatively well cen- 
tered, as expected. The increased drag caused by the nose-down attitude of 
the Mi-28 causes the gradient of collective stick position with airspeed to be 
steeper at high airspeeds than the BLACK HAWK. The increased power required 
also tends tu drive the simulation pedal left at high speeds (righw on the 
actual aircraft) in spite of the cambered vertical fin. The power required 
comparison plot in Figure H-9 shows a very steep rise at high speed due to the 
exesssive nose-down attitude. 

Both the UH-60A and AH-64A are equipped with stabilators. The Mi-28 is also 
fitted with *r> all-moving tailplane but the configuration is unusual. The 
horizontal call is mounted on top of the vertical fin opposite the tail rotor. 
Although r.trat braced, the tail can move over a limited incidence range, 

estimated to be plus or minus ten degrees. According to the Soviets, the 
tall servo was coupled to the longitudinal stick and could also be manually 
"beeped". The variable incidence can compensate for the area deficiency to 
some extent and a schedule of incidence versus airspeed is shown in Figure 5U. 
Note that increasing the incidence range will not help since the combination 
of Incidence and pitch attitude results in stall of the tall. 

All of the numerical data used to model the MI-28 are provided in this appen- 
dix. Table H-l is a lisuing of all the input data. The second section 
presents plots of the map data for fuselage, vertical tail, horizontal tail 
and wing/stores support aerodynamics along with plots of the rotor interfer- 
ence and fuselage interference data (Figures H-10 through H-30). The tabular 
data are provided with appropriate labels. Map data are identified with 
CenHel acronyms provided in rwe List of Symbols. 

For the MI-28 model, the panel allocation was as follows: 

1. Right horizontal tall 
2. Left horizontal tail 

3. Vertical tail 
4. Right wing/stores support 
5. Left wing/stores support 
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TABLE H-l.    Ml-28 SPECIFIC FILE DATA 

!•••••• 

PSHR:: 
NLMR:: 
BLHR:: 
RMR: : 
OMGTMR: 
BMR: : 
ISMR:r 
IIHR:: 
DELSHR: 
DEL3HR: 
RAFlHRi 
KAF2HR: 
CHDTHR: 
CH3RHR: 
OFSTHR: 
SPRLMR: 
NTBDHR: 
IBKR:: 
HBMR:: 
IRMR:: 

BTLHR:; 
DCDMR:; 
NBSHR:: 
NSSMR: 

TWMRHP: 

EXP 

TWHRLO: 

INPUT PARAMETERS POP HAIN ROTOR MODULES (|A.) 

400.0 
300.0 
0.0 
2B.21 
;25.34 
5.0 
-5.0 
0.0 
:-5.0 
:0.0 
0.0 
;0.0 
:2.0 
:2.0 
•.1.552 
:6.04 
1244.1 
1336.0 
77.08 
943.9 

.97 

.002 
5 
5 

PUSELAGE STATION,INCHES 
WATERLIVE STATION,INCHES 
BUTTLINE STATION,INCHES (*IVE TO PORT) 
RADIUS.FT. 
TRIM ROTATIONAL SPEED,RAD/SEC 
ACTUAL NUMBER OF BLADES 
LONGITUDINAL SHAFT TILT,(POS.BACKWARDS),DEC 
LATERAL SHAfT TILT.<POS.STARBOARD),DEG 
SWASHPLATE PHASE ANGLE,DEC 
FLAPPING HINGE OFFSET ANGLE,DEG. 
LAGGING BINGE OFFSET COEF.(FUNC(LG)) 
LAGGING HINGE OFFSET COEF.(FUNC(LG**2)) 
BLADE CHORD AT TiP.FT. 
BLADE CHORD AT ROOT,FT. 
HINGE OFFSET,fT. 
HINGE TO START OF BLADE,FT. 
WEIGHT OF ONE PLACE,LBS. 
BLADE MOMENT OF INERTIA ABOUT HINGE,SLUG-FT«*2 
BLADE MASS MOMENT ABOUT HINGE,SLUG-FT 
INERTIA OF DRIVE TRAIKUESS 2 ENGINES t ROTOR BLADES) 
(DUAL ENGINE FAILURE*. SLUG-FT**2 
BLADE TIP CUT OFF RATIO 
DELTA DRAG COEF. FOR EACH SEGMENT 
NUMBER OF BLADES SIMULATED,FIX POINT 
NUMBER OF SEGMENTS SIMULATED,FIX POINT 

*•  MAIN ROTOR NON-LINEAR TWI3T MAP (FROH B/H) •* 
UVRII 
XSEGMRtl 
TWSTHRM 
TWMRLO 
0.0,1.0,0.05 

;MAP ARGUMENT:LOOK UP ROUTINE 
/INPUT VARIABLE 
/OUTPUT VARIABLE 
/MAP NAME 
/LOWER LIMIT,UPPER LIMIT,DELTA 

EXP 
EXP 
EXP 
EXP 
EXP 

n.00, 
-0.95, 
~5.JO, 
-9.65 

-10.90 

0.00, 
-1.80, 
-6.15, 
•10.30, 

0.00, 
-2.75, 
-7.10. 
-10.75, 

0.00, 
-3.55, 
-7.90, 

-12.30, 

-0.15 
-4.40 
-8.80 

-13.10 

MAIN ROTOR DOWNWASH SUBMODULE («A) 

RCTHR: 
RCMHR: 
RSLHR: 
TDW0MR 
TDWCMR 
TDWSMR 

; ' 

KBRMR: 
X8R.HR 

ALDMR 
BLDHR 
CLDMR 
DLDF.R 
RLDMR 
LG0r-.R 
TLi.DRR 

1.0 
0.0 
0.0 
0.01038 
0.0 
0.0 

; THRUST GAIN FOR UNIFORM DOWNWASH 
; PITCH.MOM.GAIN FOR DOWNWASH SIN.HARMONIC 
; ROLL MOM.GAIN FOR DOWNWASH COS.HARMONIC 
; TIME CONST.FOR UNIFORM DOWNWASH FILTER,SEC 
/ TIME CONST.FOR DOWNWASH SIN.HARMON.FILTER,SEC. 
/ TIME CONST.FOR DOWNWASH COS.HARMON.FILTER,SEC 

FLAPPING/LAGGING DAMPER CALCULATIONS (IC) 

0.C 
0.0 

0.227 ; 
3.242 ; 
12.040 ; 
10.0102 j 
6.898 
7.0 
17.481 

FLAPPING HINGE SPRING CONST,FT-LBS/RAD 
FLAPPING HINGE DAMPER CONST, FT-LBS-SEC/RAD 

••SE" OF MOUNTING DIMENSIONS FOR LAG DAMPER,INCHES•• 

; 
I ALIGNMENT OFFSET IN RELATION TO LAG,DEG 
I FIXED BLADE PITCH RELATIONSHIP BET. ARM AMD TRCUPF 
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TABLE Hl.  Mi-28 SPECIFIC FILE DATA (Cont'd) 

;   *• BLACK HAWK LAG DAMPER P0RCE VS LAG DAMPER ARM RATE 
LDHRHP: tUVSUVSM 

LD.HRM(A16) 
FLD.HR«I(A16) 
LDHRLO 

»RAP ARGUMENT:LOOK UP ROUTINE 
»INPUT VARIABLE 
;OUTPUT VARIABLE 
»LOW RANGE KAP NAME 

EXP 0.0,2.0,0.1 
LDHRHI 

»LOWER LIHIT,UPPER LIMIT,DELTA 
»HIGH RANGE MAP NAME 

EXP 2.0,7.0,1.0 »LOWER LIMIT,UPPER LIHIT,DELTA 

; LOW ANGLE 1ÄP: LD.MR 0 TO 2.0 , DELTA • .1 
LDHRLO: EXP       0.0, 30.0,      90.0,     160.0, 280 0 

EXP     490.0, 720.0,     950.0,   1190.0, 1400 0 
EXP    1630.0, 1660.0,    2090.0,   2310.0, 2530 0 
EXP    2770.0, 2980.0,    3200.0,   3310.0, 3370 0 
EXP    3410.0 

» HIGH ANGLE NAP: LD.MR 2.0 TO 7.0 , DELTA-1.0 
LDHRHI: EXP   3410.0,    3550.0,    3615.0,   3680.0,    3745.0 

EXP   3815.0 

*•«*•• 

rswr 
wLwr 
BLWF 
IWF: 

INPUT PARAMETERS POR FUSELAGE/WING (#A) •••••• 
MOUNTING POINT FOR MODEL IN WIND TUNNEL ••••*• 
400.0 » FUSELAGE STATION,IN. 
20S.8 » KATERLINE STATION,IN. 
0.0 » BUTTLINE STATION.IN. (*IVE TO PORT 
0.0 » WING INCIDENCE,DEC 

•• MI-28 FUSELAGE LIFT (TAIL OFF) VS ALFWF 
LQFHP: 

EXP 

EXP 

•.UVPUVRM 
ALFWF«• 
LQFM 
LQFLO 
-30.0,30 
LQFHI 
-90.0,90 

0,5.0 

0,10.0 

»MAP ARGUMENT:LOOK UP ROUTINE 
»INPUT VARIABLE 
»OUTPUT VARIABLE 
»LOW ANGLE MAP NAME 
»LOWER LIMIT,UPPER LIMIT,DELTA-LOW ANGLE 
»HIGH ANGLE HAP NAME 
»LOWER LIMIT,UPPER .LIMIT,DELTA-HIGH ANGLE 

LQFLO: EXP 
EXP 
EXP 

LQFHX: EXP 
EXP 
EXP 
EXP 

» LOW ANGLE MAP: ALFWF -30 TO 30 , 
-83.9, -74.6, -63.4, 
-20.5, -1.9, 22.4, 
1C4.4, 121.2, 132.4 

; HIGH ANGLE MAP: ALFWF -90 TO 90 
0.0, -35.4, -63.4. 

-95.1, -83.9. -63.4. 
46.6, 104.4. 132.4. 

119.4, 53.3, 56.0. 

DELTA-5 
-52.2. -37.3 
46.6, 76.5 

DELTA-10 
-82.1, -93.3 
-37.3. -1.9 
141.7. 138.0 

0.0 

» *• RI-28 FUSELAGE DRAG «TAIL OFF) VS ALFWF 
DQFHP: :BIVBIVM 
EXP 

EXP 
EXP 

EXP 
EXP 

ALFWFM.PSIWFM 
DQFM 
DQTLO 
-30.0,30 
-20.0,20 
DQFHI 
-90.0.90 
-20.0,20 

5.0,15 
10.0 

10.0,23 
10.0 

»MAP ARGUMENT:LOOK UP TOUTINE 
»INPUT VARIABLE 41, INPUT VARIABLE 12 
»OUTPUT VARIABLE 
»LOW ANGLE RAP NAME 
»LOWER LIMIT,UPPER LIMIT.DELTA,I ITEMS 
»LOWER LIHIT,UPPER LIMIT,DELTA,PSIWF 
,-HIGH ANGLE MAP NAME 
»LOWER LIMIT.UPPER LIHIT.DELTA.i ITEHS 
»LOWER LIMIT,UPPER LIMIT,DELTA,PSIWF 

DQFLO: EXP 
EXP 
EXP 

tXP 

LOW  ANGLE   MAP:   ALFWF -30   TO   30,   DELTA-S. PSIWF—20   TO   *20 
PSIWF  -   -20 

144.1, 139.0, 133.9. 125.8, 118.7 
115.7, 113.6, 115.7, 118.7, 124.8 
131.9. 38.08, 42.09 

PSIWF  •  -10 
133.9, 125.8, 109.6, 91.3 40.1 
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TABLE H-1. Kl-28 SPECIFIC F7LE DATA (Cont'd) 

EXP    73.0,      71.0,      71.0,      77.1,       §7.3 
EXP    105.5,    121.7,     133.9 

; PSiwr •  0 
EXP           123.6, 111.7, 88.0, 68.1,                   56.4 
EXP           48.6, 45.0, 45.0, 50.9,                  63.1 
EXP            87.3, 111.6, 125.8 

; PSiwr  -  +10 
EXP 133.9, 125.8, 109.6,                 5*1.3,                   60,2 
EXP 73.0, 71.0, 71.0,                77.1,                   87.3 
EXP 105.5, 121.7, 133.9 

t PSIWP - *20 
EXP 144.1, 139.0, 133.9,               125.8,                  116.7 
EXP 115.7, 113.6, 115.7,              118.7,                124.8 
EXP 131.9, 138.0, 142.0 

} HIGH  ANGLE  MAP:   ALPWF  -90  TO  90, DELTA   lO.PSIWP—20  TO *20 
I PSIWr  -  -20 

DQPHX:   EXP 170.4, 166.4, 162.3, 1*0.3, 156.2 
EXP 151.2, 144.1, 133.9, 118.7, 113.6 
EXP 113.7, 131.9, 142.0, 150.1, 156.2 
EXP 160.3, 164.3, 166.4, 168.4 

; PSiwr  - -10 
EXP 170.4, 166.4, 162.3, 158.3,                  152.2 
EXP 145.1, 133.9, 109.6, 80.2,                     71.0 
EXP 77.1, 105.5, 133.9, 146.1,                  154.2 
EXP 159.3, 164.3, 166.4, 168.4 

; PSiwr  - 0 
EXP 170.4, 166.4, 162.3, 156.2,                  148.1 
EXP 140.0, 123.8, 91.3, 62.9,                    54.8 
EXP 58.8, 91.3, 125.8, 143.0,                  152.2 
EXP 158.3, 164.3, 166.4, 168.4 

; PSiwr  - *10 
EXP 170.4, 166.4, 162.3, 158.3,                  152.2 
EXP 145.1, 133.9, 109.6. 80.2,                     71.0 
EXP 77.1, 105.5, 133.9, 146.1,                  154.2 
EXP 159.3, 164.3, 166.4, 161.4 

; PSiwr  -  *20 
EXP 170.4, 166.4, 162.3. 160.3. 156.2 
EXP 151.2. 144.1, 133.9, 118.7, 113.6 
EXP 118.7, 131.9, 142.0. 150.1. 156.: 
EXP 160.3, 164.3, 166.4. 168.* 

;    ••   RI-2B   rUSELACE   PITCH   HOHENT   (TAIL   Orf)   »S   ALfWr 
«OrHP: :UVRUVRM »RAP   ARGUMENT : LOOK   UP   ROUTINE 

ALrwrii »INPUT   VARIABLE 
HQTM »OUTPUT   VARIABLE 
RQFLO »LOW   ANGLE   HAP   NAHE 

EXP      -30.0,30.0,5.0 »LOWER   LIMIT.UPPEP   LIRIT,DELTA-LOW  ANGLE 
«QrHI »HIGH   ANGLE   RAP   NAHE 

EXP      -90.0,90.0.10.0 »LOWER   LIHIT,UPPER   L1HIT,DELTA-HGIH   ANGLE 

; LOW ANGLE  RAP:   ALrwr  -30   TO   30   , DELTA-5 
RQELO:   EXP -665.8,             -633.1,             -571.9, -447.5,               -331.6 

EXP -222.7,             -135.3,               -54.6, 15.3,                     76.4 
EXP            135.3,                189.9.                240.1 

;   HIGH   ANGLE   RAP:   ALPKr   -90   TO   90 
ROTH:   EXP 0.0. -207.4. -392.9, 

EXP -670.2, -665.6, -571.9, 
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TABLE Hl.     Kl-28 SPECIFIC FILE DATA (Cont'd) 

EXP 
EXP 

15.3, 
327.5. 

135.3, 
262.0, 

240.1. 
131.0. 

334.0. 
0.0 

355.8 

; •• «1-28 FUScLAGE SIDE FORCE (TAIL OFF) VS PSIWF 
YQFHP: 

EXP 

EXP 

YQFLO; 

YQFHI: 

NQTHP 

EXP 

EXP 

NQFLO: 

NQFHI: 

:UVRUVRM 
PSIWFH 
YQFM 
YQTLO 
-30.0,30.0,5.0 
YQFHI 
-90.0,90.0,10.0 

;HAP ARGUMENT:LOOK UP ROUTINE 
jINPUT VARIABLE 
;OUTPUT VARIABLE 
;LOW ANGLE WAP NAHE 
,-LOWER LIMIT,UPPER LIMIT,DELTA-LOW ANGLE 
;HIGH ANGLE MAP NAME 
;LOWER LIMIT,UPPER LIMIT,DELTA-HGIH ANGLE 

EXP 
EXP 
EXP 

EXP 
EXP 
EXP 
EXP 

I   LOW ANGLE MAP: PSIWr -30 TO 30, DELTA-5 
-125.2, -108.8, -89.5, -67.1, 
-22.4, 0.0, 22.4, 44.7, 
89.5, 108.8, 125.1 

; HIGH ANGLE MAP: PSIWF -90 TO 90, DELTA-10 
0.0, -58.2, -102.3, -131.2, 

-146.1, -125.2, -89.5, -44.7, 
44.7, 89.5. 125.2, 146.1, 

135.7, 111.8. 65.6, 0.0 

-44.7 
67.1 

-146.1 
0.0 

146.1 

; *• HI-28 FUSELAGE YAWING MOMENT (TAIL OFF) VS PSIWF 
:UVRUVRM 
PS1WFII 
NQPM 
NQFLO 
-30.0,30.0,5.0 
NQFHI 
-90.0,90.0,10.0 

;MAP ARGUMENT:LOOK UP ROUTINE 
;INPUT VARIABLE 
;OUTPUT VARIABLE 
;LOW ANGLE MAP NAME 
»LOWER LIMIT.UPPER LIMIT,DELTA-LOW ANGLE 
;HIGH ANGLE MAP NAME 
;LOWER LIMIT,UPPER LIMIT,DELTA-HIGH ANGLE 

; LOW ANGLE MAP: PSIWr -30 TO 30, DELTA-5 
EXP -890.5,     -803.2,     -680.9, 
EXP -218.3,     -17.5,      157.1, 
EXP 567.5,      663.5,      724.6 

; HIGH ANGLE MAP: PSIWF -90 TO 90, 
EXP 0.0.     -349.2,     -637.3, 
EXP -960.3.     -890.5,     -680.9, 
EXP 323.0.      567.5.      724.6, 
EXP 663.5.      488.9,      261.9, 

rXWFMP 
EXP 

ROTOR INTERFERENCE ON THE FUSLEAGE (MRPA) 

; •• HI-28 FORE/AFT H.R. DOWNWASH AT FUSELAGE 

-567.5, -410.3 
.  323.0, 457.5 

DELTA-10 
-838.1, -942.8 
-410.3, -17.5 
603.2, 768.2 

0.0 

bivii 
CHIPHBII,AA1FMPII 
EKXWFII 
EXWFLO 

;HAP ARGUHENT:LOOK UP ROUTINE 
;INPUT VARIABLEI1,INPUT VARIABLEI2 
,-OUTPUT VARIABLE 
;LOW ANGLE HAP NAHE 

EXP 
EXP 

0.0,90.0.10.0,"D10 ;LOW LIH.UPPER LIH,DELTA-CHIPHR 
-10.0,10.0,10.0 ;LOW LIH.UPPER LIH.DELTA-AAlFHR 

EXWFLO:EXP 
EXP 

EX? 
EXP 

LOW ANGLE HAP CHIPHR 0 TO 90 (DEL-10) AAlFHR -10.0,10 
AA1FHR--10 

0.37, 0.46,       0.57,       0.68,       0.79 
0.91, 1.04,       1.18        1.32,       1.32 

EXP 
EXP 

AA1FHR-0 
0.13, 
0.70, 

AA1FHK-10 
-0.11, 
0.47, 

0.23 
0.82 

•0.C1 
0.61 

0.34 
1.00 

0.10 
0.77 

0.46, 
1.17, 

0.22. 
0.93. 

0.56 
1.17 

0.34 
0.93 
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TABLE Hl. Mi-28 SPECIFIC FILE DATA (Cont'd) 

I •• HI-28 VERTICAL U.R. bOWNWASB AT FUSILACE 
EZWFHP::BIV## /HAP ARGUHENTiLOOK UP ROUTINE 

EXP  CBIPHRM.AAlFHRM ; INPUT VARIABLE! 1, INPUT VARIABLEI2 
EKZWrtl /OUTPUT VARIABLE 
EZWFLO ;LOW ANGLE MAP NAME 

EXP  0.0,90.0,10.0,"DIO ;LOW LIM,UPPER LIM,DELTA-CHIPHR 
EXP  -10.0,10.0,10.0 ;LOW LIM,UPPER LIM, DELTA-AAlFHR 

EZWFLO:EXP 
EXP 

EXP 
EXP 

EXP 
EXP 

; LOW ANGLE MAP CHIPMR 0 TO 90 
; AA1PMR—10 

1.11,      1.09, 
1.04,      1.02, 
0.6 

DEL-10) AA1FHR -10,0,10 

; AA1FHR-0 
1.12, 
1.12, 
0.6 

; AA1PMR-10 
1.15, 
1.17, 
0.6 

1.12, 
1.12, 

1.15. 
1.18, 

.08, 

.01. 

12, 
12, 

15, 
22, 

1.065, 
1.0, 

1.12, 
1.11, 

1.15, 
1.16, 

1.05 
0.88 

1.12 
0.96 

1.16 
0.98 

f INPUT PARAMETERS FOR  PANEL «2 (lAl 

FSP2 
WLP2 
BLP2 
SAP2 
GAMP2 
I0P2: 
CP2: : 

825.0 
312.5 
25.6 
14.0 
0.0 
0.0 
1.0 

; FUSELAGE STATION,INCH 
; WATERLINE STATION,INCH 
; BUTTLINE STATION,INCH ( + IVE TO PORT) 
; SURFACE AREA OF PANEL,FT*«2 
; PANEL ORIENTATION, DEG 
; PANEL INCIDENCE,DEG 
; PANEL HEAN AERO CHORD,FT 

CLP2MP: 

EXP 

EXP 

;UVRLVRM 
ALFPP2II 
CLP2II 
CLP2LO 
-30.0,30 
CLP2HI 
-90.0,90 

0,5.0 

0,10.0 

;MAP ARGUHENT:LOOR UP, ROUTINE 
;INPUT VARIABLE 
;OUTPUT VARIABLE 
;LOW ANGLE MAP NAME 
;LOWER LIMIT,UPPER LIMIT,DELTA-LOW ANGLE 
jHIGH ANGLE HAP NAME 
;LOWER LIMIT,UPPER LIMIT,DELTA-HIGH ANGLE 

; LOW ANGLE MAP ALFPP2 -30 TO 30.DELTA-5 
CLP2LO: EXP -0.80,       -0.87, -0.93,      -0.88, 

E.;P -0.29,        0.00, 0.29,       0.58, 
EXP 0.93,        0.87, 0.80 

-0.58 
0.88 

; HIGH ANGLE HAP ALFPP2 -90 TO 90.DELTA-10 
CLP2HI: EXP 0.00,      -0.14,      -0.28.      -0.40, 

EXP -0.68,      -0.80,      -0.9J.      -0.58, 
EXP 0.58,       0.93,       0.30.       0.68, 
EXP 0.40,       0.28,       0.14,       COO 

•0.53 
0.00 
0.53 

; •• HORIZONTAL STABILIZER DRAG VS ALFPP2 
CDP2HP 

EXP 

EXP 

:UVRUVFII 
ALFPP2M 
CDP2M 
CDP2LO 
-30.0,30 
CDF2HI 
-90.0,90 

0.5.0 

0.10.0 

;MAP ARGUMENT:LOOK UP ROUTINE 
;INPUT VARIABLE 
;OUTPUT VARIABLE 
;LOW ANGLE HAP NAME 
;LOWER LIMIT,UPPER LIMIT,DELTA 
;HIGH ANGLE RAP NAME 
jLOWER LIMIT,UPPER LIMIT,DELTA 

; LOW ANGLE MAP ALPPP2 -30 TO 30.DELTA-5 
CDP2LO: EXP      0-343,      0.271, 0.200. C.105, 

EXP      0.020.      0.010. 0.020. 0.050, 
EXP      0.200.      0.271, 0.343 

0.050 
0.105 
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TABLE H-l. Ki-28 SPECIFIC FILZ DMA (Cont'd) 

t   IIGB ANGLE HAP ALFPP2 -90 TO 90.DELTA-10 
CDP2BI: IXP     1.200,      1.057,     0.914,     0.771,      0.529 

EXP      0.486,      0.243,      0.200,      0.050,       0.010 
EXP      0.050,      0.200,      0.343,      0.486,       0.629 
EXP     0.771,     0.914,     1.057,     1.200 

,«..*.. INPUT PARAMETERS FOR ROTOR INTERFERENCE ON TBE BORIZ.TAIL II 

; •• FORE/AFT H.R. DOWNWASH AT HORIZONTAL TAIL 
EXP2HP:tBIVtl »HAP ARGUMENT:LOOK UP ROUTINE 

EXP  CHIPMRM.AAlFHRII ; INPUT VARIABLE #1, INPUT VARIABLE 12 
EKXP2II ;OUTPUT VARIABLE 
EXP2LO ;LOK ANGLE HAP NAHE 

EXP  0.0,90.0,10.0,*D10 »LOW LIM,UPPER LIH,DELTA-CHIPHR 
EXP  -10.0,10.0,10.0 ;LOW LIM,UPPER LIH,DELTA-AA1FHR 

; LOW ANGLE HAP CHIPHR 0 TO 90 (DEL-lOj AAlFHR -10,0,10 
» AA1FMR—10 

EXP2LO:EXP 
EXP 

-0.40, 
1.17, 

-0.48, 
1.42. 

-0.57, 
1.69, 

-0.65, 
1.95, 

-0.92 
2.20 

EXP 
EXP 

; AAlFHR-0 
-0.45, 
-0.66, 

-0.51, 
-0.61, 

-0.57, 
-0.45, 

-0.62, 
1.76, 

-0.66 
2.00 

EXP 
EXP 

; AA1FMR-10 
-0.43, 
-0.54, 

-0.46, 
-0.51, 

-0.49, 
-0.44, 

-0.52, 
-0.31. 

-0.54 
-0.87 

» •• VERTICAL H.R. DOWNWASH AT HORIZONTAL TAIL 
EZP2HP::BXVtl »MAP ARGUMENT:LOOK UP ROUTINE 

EXP  CHIPHR#I,>MFHRM »INPUT VARIABLE II, INPUT VARIABLE 12 
ERZP2II »OUTPUT VARIABLE 
EZP2LO »LOW ANGLE MAP NAME 

EXP  0.0,90.0,10.0,*D10 »LOW LIM,UPPER LIM,DELTA-CHIPMR 
EXP  -10.0,10.0,10.0 »LOW LIM,UPPER LIH,DELTA-AA1PHR 

» LOW ANGLE HAP CHIPMR 0 TO 90 (DEL-10) AAlFMR -10,0,10 
; AA1FHR--10 

EZP2LO:EXP      -0.06, 0.04.       0.20, 0.42,       1.83 
EX»       1.82. 1.79,       1.75, 1.69,       1.65 

; AA1FMR-0 
EXP      -0.01,       0.08,       0.21,       0.37,       0.58 
EXP       0.85,       1.18.       1.57.       2.10.       2.70 

» AA1FMR-10 
EXP       0.07,       0.14,       0.24,       0.35.       0.50 
EXP       0.68,       0.91.       1.19,       1.54.       1.90 

....... fusELAGE INTERFERENCE ON THE BORIZ.TAIL II (WFPA) •••••• 

;•• S-61A DYNAMIC PRESSURE RATIO AT HORIZONTAL TAIL 
QP2HP::UVRM »MAP ARGUMENT: LOOK UP ROUTlfT 

ALFWril »INPUT VARIABLE 
QP2QWFM »OUTPUT VARIABLE 
QP2LO »LOW ANGLE MAP NAME 

EXP -30.0.30.0,5.0  »LOWER LIU.UPPER LIM,DELTA 

, LOW ANGLE HAP ALFWF -30 TO 30 DELTA-5 
QP2LO-  EXP  1.00.   1.00,   1.00.   1.00,   0.85,   0.70.   0.70 

EXP  0.70.   0.65.   0.70.   0.85,   1.00,   1.00 

!•• f-tiA FUSELAGE DOWNWASH OW BORIX. TAIL •• 
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TABLE HI. Hi -28 SPECIFIC FILE DATA (Cont'd) 

EPP2Rr::UVF II 
ALFWFH 
SPSP2I« 
EPP2L0 

EXP -30.0,30.0,5.0 

»HAP ARGUMENT:LOOK UP ROUTINE 
;INPUT VARIABLE 
/OUTPUT VARIABLE 
;LOW ANGLE HAP NAME 
;LOWER LIM,UPPER LIH,DELTA 

; LOW ANGLE HAP ALFWF -30 TO 30 DELTA-5 
EPP2LO: EXP  0.0,   -5.0,   -3.0,   -1.0,    1.0, 

EXP  1.0,    3.7,    6.4,    9.0,    4.5, 
1.0, 
0.0 

1.0 

PSP3: 
MLP3: 
BLP3: 
SAP3: 
GAMP 3 
I0P3: 
CP3:: 

INPUT PARAMETERS POR PANEL «3 (l/A) 

790.0 
267.5 
0.0 
21.88 
90.0 
0.0 
1.0 

; PUSELAGE STATION,INCH 
; WATERLINE STATION,INCH 
} BUTTLINE STATION,INCH 
; SURFACE AREA OF PANEL IF NOT INCLUDE IN RAP 
; PANEL ORIENTATION, DEG 
; PANEL INCIDENCE,DEG 
; PANEL MEAN AREO CHORD,FT 

;** AH-64A VERTICAL STABILIZER LIFT COEFFICIENT VS ALPPP3 
;•* S-21.9 FT**2,ASPECT RATIO -1.56,4415 HOD ROOT,4416 TIP AIRFOIL 

CLP3HP::UVRUVRII 
ALFPP3II 

EXP 

EXP 

CLP3II 
CLP3LO 
-30.0,30.0,5.0 
CLP3HI 
-90.0,90.0,10.0 

;HAP ARGUMENT:LOOK UP ROUTINE 
;INPUT VARIABLE 
/OUTPUT VARIABLE 
/LOW ANGLE HAP NAME 
/LOWER LIHIT,UPPER LIMIT,DELTA-LOW ANGLE 
/HIGH ANGLE HAP NAME 
/LOWER LIHIT,UPPER LIHIT,DELTA-HIGH ANGLE 

/ LOW ANGLE HAP ALFPP3 -30 TO 30,DELTA-5 
CLP3LO:EXP -1.06,      -0.81, -0.57,      -0.31, 

EXP 0.20,       0.45, 0.71,       0.97, 
EXP 1.34,       1.40, 1.34 

) SIGH ANGLE HAP ALFPP3 -90 TO 90,DELTA-10 
CLP3HI:EXP 0.00,      -0.22, -0.45,      -0.68, 

EXP -1.13,     -1.06, -0.57,     -0.05, 
EXP 0.97,       1.34, 1.34,       1.12, 
EXP 0.68,      0.45, 0.23,      0.00 

-0.05 
1.19 

•0.90 
0.45 
0.93 

•• AH-64A VERTICAL STABILIZER DRAG COEFFICIENT VS ALFPP3 
CDP3HP: UVRUVRII 

ALFPP3II 
CDP3M 
CDP3LO 

EXP  -30.0,30.0,5.0 
CDP3HI 

EXP  -90.0,90.0,10.0 

/HAP ARGUMENT:LOOK UP ROUTINE 
/INPUT VARIABLE 
/OUTPUT VARIABLE 
/LOW ANGLE MAP NAME 
/LOWER LIHIT,UPPER LIHIT,DELTA-LOW ANGLE 
/HIGH ANGLE HAP NAME 
/LOWER LIHIT,UPPER LIHIT,DELTA-HIGH ANGLE 

/ LOW ANGLE HAP ALFPP3 -30 TO 30,DELTA-5 
CDF3I.O: EXP 0.559.      0.505, 0.310.      0.180 

EXP 0.100»      0.090, 0.100,      0.130, 
EXP 0.310.      0.505. 0.5S9 

; HIGH Ai<GLE HAP ALFPP3 -90 TO 90.DELTA-10 
CDPiHI: EXP 1.200.      1.093. 0.986.      0.879 

EXP 0.665.      0.559. 0.310.      0.130 
EXP 0.130.      0.310, 0.559,      0.665, 
EXP 0.879.      0.986. 1.093,      1.200 

0.130 
0.180 

0.772 
0.090 
0.772 

,  ROTOR INTERFERENCE ON THE VERTICAL TAIL (RRPA) ••' 

/ •• ROTOR ERX-FACTOR ON VERTICAL TAIL HAP '• 

BXP3HP: iBIVM 'NAP ARGUMENT: LOOK UP ROUTINE 
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TAÄLE HI. Hi-28 SPECIFIC FILE DATA (Cont'd) 

EXP  CHIPHRII.AAlPKRH IINPUT VARIABLE 11, INPUT VARIABLE 12 
EKXP3M »OUTPUT VARIABLE 
EXP3L0 ;LOW ANGLE KAP NAME 

EXP  0.0,90.0,10.0,*D10 ;LOW LIH.UPPER LIH.DELTA-CHIPHR 
EXP  -10.0,10.0,10.0 ;LOW LIU,UPPER LIH.DELTA-AAlFHR 

; LOW ANCLE HAP CHIPMR 0 TO 90 (DEL-10) AAlFHR -10,0,10 
; AA1FMR--10 

EXP3LO:EXP 
EXP 

-0.41, 
1.11, 

-0.52, 
1.34, 

0.49, 
1.6C, 

0.69, 
1.85, 

0.89 
2.20 

EXP 
EXP 

1   AAlFMR-0 
-0.50, 
0.76, 

-0.61, 
1.02, 

-0.72, 
1.30, 

-0.83, 
1.62, 

0.51 
1.96 

EXP 
EXP 

;  AA1FI<I>10 
-0.60, 
-0.84, 

-0.67, 
-0.80, 

-0.74, 
-0.70, 

-0.79, 
-0.51, 

-0.83 
-0.25 

; *• rOTOR EKZ-TACTOR ON VERTICAL TAIL MAP •• 

EZP3HP::BIVtt 
EXP  CHIPMRtt.AAlFHRM 

EKZP3II 
EZP3LO 

EXP  0.0,90.0,10.0,*D10 
EXP  -10.0,10.0,10.0 

RAP ARGUMENT:LOOK UP ROUTINE 
INPUT VARIABLE II, INPUT VARIABLE 12 
OUTPUT VARIABLE 
LOW ANGLE RAP NARE 
LOW LIH,UPPER LIN.DELTA-CHIPHR 
LOW LIH,UPPER LIH.DELTA-AAlFHR 

j LOW ANGLE RAP CHIPMR 0 TO 90 (DEL-10) AAlFHR -10,0,10 
; AA1FHR--10 

EZP3LO:EXP -0.15, -0.01, 1.79, 1.79,       1.78 
EXP 1.76, 1.74, 1.71, 1.65.       1.60 

; AAlfRR-0 
EXP -0.15, -0.05, 0.12, 0.35,      2.01 
EXP 2.05, 2.07, 2.09,   ' 2.09,       2.09 

; AAlFHR-10 
EXP -0.04, 0.07, 0.20, 0.38,       0.59 
EXP 0.85, 1.16, 1.52, 1.92,      2.45 

....... rUSELAGE INTERFERENCE ON THE VERTICAL TAIL '.WrPA) •»•••• 

;•• BLACK HAWK DYNARIC PRESSURE RATIO A? VERTICAL TAIL VS PSIWF 
QP3HP:: BIVII ;RAP ARGURENT:LOOK UP ROJTI^E 

EXP   PSABWFII.ALFWFM )INPUT VARIABLE II, INPUT VARIABLE 12 
QP3QWFH ;OUTPUT VARIABLE 
QP3LO I LOW ANGLE RAP NAHE 

EXP   0.0,30.0,5.0.7 ;LOWER LIR,UPPER LIR,DELTA,IITERS (PSABWr) 
EXP   -10.0,10.0.10.0 ;LOWER LIR,UPPER LIR,DELTA (ALFWF) 

; LOW ANGLE RAP PSI(ABS) 0 TO 30 D£LTA-S 
jALFWF- -10 DEC 

QP3LO:  EXP      0.62,       0.64, 
EXP      0.88.       1.00 

,-ALrwr- 0 DEC 
EXP      0.62.       0.64. 
EXP      0.88.       1.00 

;ALFWF- 10 DEC 
EXP      0.62,       0.64, 
EXP      0.68.       1.00 

0.66. 0.72. 0.79 

0.66, 0.72. 0.79 

0.66. 0.72, 0.79 

•• BLACK HAWK SIDEWASH ON VERTICAL TAIL VS PSIWF DUE TO BODY 

•GP3RP: rUVSUVSM »RAP ARCUHENT: LOOK UP ROUTINE 
PilWFII IlNPUT VAÄIAJLE 
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TABLE K-1. Ml-28 SPECIFIC FILE DATA (Cont'd) 

6IGP3II 
SGP3L0 

EXP  0.0,30.0,5.0 
SGP3HI 

EXP  0.0,90.0,30.0 

;OUTPUT VAÄIABLE 
;LOW \NGLE HAP NAHE 
»LOWER LIHIT. UPPER LIMIT, DELTA-LOW ANGLE 
;HIGH ANGLE HAP NAHE 
;LOWER LIHIT, UPPER LIHIT, DELTA-HIGH ANGLE 

;   LOW   ANGLE   HAP   PSIWF   0   TO   30   DELTA-5 
SGP3LO:   EXP 0.0, -0.4, -0.6, 

EXP 0.6, 0.2 
0.8, 1.4 

; HIGH ANGLE HAP PSIWF 0 TO 90 DELTA-30 
SGP3HI: EXr      0.0,        0.2,        0.0,        0.0 

PAGE 

FSP4 
NLP4 
BLP4 
SAP4 
GAHP4 
I0P4: 
CP4:: 

CLP4HP: 

EXP 

EXP 

INPUT PARAHETERS FOR  PANEL 14 («A) 

417.5 
228.8 
-73.8 
16.41 
J.O 
10.0 
1.0 

:UVRtrVR«i 
ALFPP4II 
CLP4M 
CLP4LO 
-20.0.20 
CLP4HI 
-90.0.90 

I FUSELAGE STATION,INCH 
; WATERLINE STATION,INCH 
; BUTTLINE STATION,INCH (*XVE TO PORT) 
; SURFACE AREA OF PANEL IF NOT INCLUDE IN KAP 
; PANEL ORIENTATION, DEG 
; PANIL INCIDENCE,DEG 
; PANEL HEAN AERO CHORD,FT 

AH-1S WING LIFT COEFFICIENT VS ALFPP4 
S-16.41 FT**2 .ASPECT RATIO-1.17, 

;RAP LOOK UP ROUTINE 
;INPUT VARIABLE 
/OUTPUT VARIABLE 
»LOW ANGLE HAP NAHE 

.0,2.0     ;LOWER LIH,UPPER LIH,DELTA 
;HIGH ANGLE HAP NAHE 

.0,10.0    ;LOWER LIH,UPPER LIH.DELTA 

CLP4LO: EXP 
EXP 
EXP 
EXP 
EXP 

CLP4HI: EXP 
EXP 
EXP 
EXP 

» LOW ANGLE HAP ALFPP4 -20 TO 20, DELTA - 2 DEG 
-1.10, 
-1.00, 
-0.15, 
0.75. 
0.92 

-1.16, 
-0.85, 
0.05, 
0.90, 

HIGH ANGLE HAP ALFPP4 -90 TO 90 
0.00. 

-0.79, 
0.75, 
0.39, 

-0.16, 
-0.94. 
0.92, 
0.26. 

-1.18, -1.20. -1.13 
-C.70, -0.55. -0.35 
0.25. 0.45. 0.60 
1.00, 0.98, 0.95 

TO 90 .DELTA - 10 DEG 
-0.31, -0.47, -0.63 
-1.10, -1.0C, 0.15 
0.79, 0.66. 0.53 
0.13, 0.00 

; •• AH-1S WING DRAG VS ALFPP4 
CDP4HP: :UVRUVRM 

ALFPP4M 
CDP4II 
CDP4LO 

EXP  -20.0.20.0.2.0 
CDP4HI 

EXP  -90.0,90.0.10.0 

;RAP LOOK UP ROUTINE 
»INPUT VARIABLE 
»OUTPUT VARIABLE 
;LOW   ANGLE   HAP   NAHE 
;LOW£R LIH.UPPER LIH.DELTA 
.-HIGH ANGLE HAP NAME 
jLOWER LIH.UPPER LIH,DELTA 

; LOW ANGLE HAP ALFPP4 -20 TO 20, DELTA - 2 DEG 
CDP4LO: EXP 

EXP 
EXP 
EXP 
EXP 

0.164 
0.016 
0.006 
0.012 
0.112 

0.134. 
0.013. 
0.008, 
0.015. 

0.105, 
0.011, 
C.009, 

0.075 
0.010 
0.010. 
0.050, 

0.046 
0.009 
0.011 
0.081 

;   HIGH   ANGLE   HAP   ALFPP4   -90   TO   90.   DELTA   -   10   DEG 
CDF4HI:   EXP 1.200. 1.052, 0.904. 0.756. 0.606 

EXP 0.460. 0.312, 0.164, 0.016, 0.008 
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TABLE H-l. Mi-28 SPECIFIC FILE DATA (Cont'd) 

EXP 
EXP 

0.012, 
0.734, 

0.112, 
0.089, 

0.268, 
1.045, 

0.423, 
1.200 

0.578 

EXP4MP 
EXP 

INPUT PARAMETERS POR KOTOS INTERFERENCE ON THE MIGHT KING 

; •• HI-28 rORE/ArT U.R. DOWNWASH AT RIGHT WING 
BIVII 
CHIPMRIt ,AA1FHR«# 
ERXP4I» 
EXP4LO 

;«AP ARGUMENT:LOOK UP ROUTINE 
»INPUT VARIABLE«1,INPUT VARIABLEI2 
;OUTPUT VARIABLE 
;LOW ANGLE HAP NAHE 

EXP 
EXP 

0.0,90.0,10.0,*D10 ;LOW UM UPPER LI«,DELTA-C*IPHR 
-10.0,10.0,10.0    »LOW LI«,UPPER LI«,DELTA-AA1F«R 

EXP4LO:EXP 
EXP 

EXP 
EXP 

{ LOW ANGLE »UP CHIPRR 0 TO 90 (DEL-10) AA1FR* -10,0,10 
; AA1FHR—10 

0.33, 0.42,      0.52, 0.63,      0.74 
0.86, 0.99.      1.13, -0.73,     -0.73 

EXP 
EXP 

; AAlFHR-0 
0.10, 
0.66, 

; AAlFHR-10 
-0.13, 
0.43, 

0.20, 
0.79, 

-C.03, 
0.56, 

0.30 
0.94 

0.C7, 
0.71, 

0.41, 
•0,87, 

0.18, 
•1.01, 

0.53 
-0.87 

0.30 
-1.01 

j •• «1-28 VERTICAL «.R. DO>TNVASH AT RIGHT WING 
EZP4HP 

EXP 

EXP 

• XVfJ 
CHIPHPII ,AAirhi<l« 
EK2P4«« 
EZP4LO 
0-0,90.0,10.0,-DlO 

EXP  -10.0,10.0.10.0 

»HAP ARGUMENT:LOOK UP ROUTINE 
;INPUT VARIABLE«1,INPUT VARIABLE«2 
;OUTPUT VARIABLE 
»LOW ANGLE «AP NA«E 
;LOW LI«,UPPER LIM,DELTA-CHIFNR 
;LOW LI«,UPPER LIH.OELTA-AA1FNR 

EZP4LO:EXP 
EXP 

EXP 
EXP 

LOW ANGLE «AP CHIPHR 0 TO 90 (DEL-10) AA1FHR -10,0.10 
AAlPHR—10 

1.17,       1.14,       1.11,       1.08,       1.05 
1.02,      0.99.      0.9!,      0.95,      0.95 

AAlFHR-0 
1.21. 
1.17, 

; AAlPHR-10 
EXP       1.20, 
EXP       1.27, 

1.20 
1.16, 

1.21, 
1.29, 

1.19. 
1.15, 

1.22. 
1.31. 

1.19 
0.91 

1.24, 
0.80, 

1.13 
0.91 

1.26 
0.80 

fUSELAGE INTERFERENCE ON THE RIGHV WING 'WfPA) 

QP4MP 
; •• «1-28 DYNAMIC PRESSURE RATIO AT RIGHT WING VS ALrWP 

:CONST«I ;RAP ARGUMENT:LOOK UP ROUTINE 
11.0] 
QP4QWf«« »OUTPUT VARIABLE 

INPUT 

fSPS:: 417.5 
WLP5:: 226.8 
BLP5:: 73.3 
§APS:: 16.41 
GAMP5: 0.0 
KPS: : 10.0 
CP5:: 1.0 

INPUT PARAMETERS fOR  PANEL «c (IA) 

I FUSELAGE STATION,INCH 
l WATERLINE STATION.INCH 
I BUTTLINE STATION, INCH (-»IVE TO PORT) 
j SURFACE AREA OF PANEL IF MOT INCLUDE IW 
I PANEL ORIENTATION. DEC 
I PANEL INCIDENCE.DEC 
I PANEL REAN AERO CHORD,FT 

HAP 
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TABLE H-l. Hi-28 SPECIFIC FILE DATA (Cont'd) 

I   ••   AH-1S LIFT WING LIFT COEFFICIENT VS ALPPP5 
, •• S-16.41 FT*«2 .ASPECT 1ATIO-1.17, 

CLPSHP::UVRUVRt| 
ALFPP5II 
CLP5II 
CLP4LO 

EXP  -20.0,20.0,2.0 
CLP4HI 

EXP  -90.0,9u.0,10.0 

I HAP ARGUMENT:LOOK UP ROUTINE 
»INPUT VARIABLE 
»OUTPUT VARIABLE 
»LOW ANGLE HAP NAME 
»LOWER LIMIT,UPPER LIMIT,DELTA-LOW ANGLE 
»HIGH   ANGLE   HAP   NAME 
»LOWER LIMIT,UPPER LIH.TT,DELTA-HIGH ANGLE 

» *• AH-1S L£FT WING DRAG VS ALFPP5 
CDP5MP::UVRUVRI| 

ALFPP5II 
CDP5II 
CDP4LC 

EXP  -20.0,20.0,2.0 
CDP4HI 

EXP  -90.0,90.0,10.0 

»MAP ARGUMENT:LOOK UP ROUTINE 
»INPUT VARIABLE 
»OUTPUT VARIABLE 
»LOW ANGLE HAP NAME 
»LOWER LIMIT,UPPER LIMIT,DELTA 
»HIGH ANGLE HAP NAHE 
»LOWER LIMIT,UPPER LIMIT,DELTA 

INPl'T PARAMETERS FOR ROTOR INTERFERENCE ON THE LEFT WING 

» •• HI-28 FORE/AFT H.R. DOWNWASH AT LEFT WING 
EXP5MP::CONST!I ;HAP ARGUMENT:LOOr UP ROUTINE 

EKXP4M »INPUT VARIABLE 
EKXPSl* »OUTPUT VARIABLE 

•• HI-28 VERTICAL H.R. DOWNWASH AT LEFT WING 
EZP5MP: :CONSTM 

EKZP4II 
EKZP5II 

»MAP ARGUMENT:LOOK UP ROUTINE 
»INPUT VARIABLE 
»OUTPUT VARIABLE 

FUSELAGE INTERFERENCE ON THF LEFT WING. (WFPA) 

QP5MP::CONST«l 
QP4QWFM 
QP5QWFM 

HI-28 DYNAMIC PRESSURE RATIO AT LEFT WING VS ALFWF 
»MAP ARGUMENT:LOOK UP ROUTINE 
»INPUT VARIABLE 
»OUTPUT VARIABLE 

INPUT PARHETERS FOR TAIL ROTOR (IA) - (BAILEY) 

RTR: : 
OHEGTR 
DTR: 
FSTR 
WLTR 
BLTR 
TWSTTR 
BIASTR 
GAMTR: 
DEL3TR 
DELTTR 
CHRDTR 
ATR: : 
BTLTR: 
CDTR:: 
IBTR:: 
DRD07R 
DRD1TR 
DRD:TR 
DROTTR 

6.3 
,113.5 
4.0 
817.5 
308.7 
-32.5 
;-10.0 
; 1.5 
90.0 
:35.0 
: .001455 
: .792 
5.873 
.92 
CO 
1.0 
0.0087 
-0.0216 
0.4 
-1.0 

RADIUS.FT 
TRIM ROTATIONAL RATE. RAD/SEC 
ACTUAL NUMBER OF BLADES 
FUSELAGE STATION,IN 
WATERLINE STATION,IN 
BUTTLINE STATION.IN (*IVE TO PORT) 
BLADE TWIST.DATUM CENTER OF ROTATION.DEG 
BLADE PITCH CORRECTION FOR N.L.TWIST 
TAIL RCTOR CANT ANGLE,DEG 
FLAPPING HINGE OFFSET ANCLE.DEG 
RATE OF CHANGE OF CONE ANGLE WITH THRUST.DEG/LB 
BLADE CHORD.FT 
BLADE LIFT CURVE SLOPE.1/RAD 
BLADE TIP LOSS FACTOR 
TAIL ROTOR HEAD DRAG.FT*•2 
T.R.BLADE SECOND MOMENT SLUG5-FT*»2 
T.R. BLADE SECTION DRAG COETF.CDO 
T.R. BLADE SECTION DRAG COETF.CDl 
T.R. BLADE SECTION DRAG COEFF.CD2 
T.R. ROTATION *1.0 MEANS COUNTER CLOCKWISE 
WHEN VIEWED FROH POK~ SIDE 
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TABLE H-l. Kl-28 SPECIFIC FILE DATA (Cont'd) 

ROTOR INTERrERNCE ON TAIL ROTOR (NRPA) 

EXTRNP 
«p 

EXP 
EXP 

•>*• ROTOR X-PACTOR ON TAIL ROTOR RAP •• 
:BIV|| jMAP ARGUMENT:LOOK UP ROUTINE 
CHIPNRM.AAlFKRM {INPUT VARIABLE II, ±NPUT VARIABLE 12 
EKXTRII »OUTPUT VARIABLE 
EXTRLO ;LOM ANGLE KAP MAKE 
0.0,90.0,10.0,*D10 |LOW LIM,UPPER LIN.DELTA-CHIPNR 
-10.3,10.0.10.0 ;LOW LIN,UPPER LIM,DELTA-AAifHR 

EXTFLO EXP 
EXP 

LOW ANGLE MAP CHIPMR 0 TO 90 (DEL-10) AA1PMR -10,0 
AAlTMR—IQ 

-0.<1, 
1.26, 

-0.50, 
1.40, 

-0.59, 
1.67, 

-0.6b, 
1.90, 

,10 

0.93 
2.20 

EXP 
EXP 

; AAlFNR-0 
-0.48, 
-0.70, 

-0.54, 
-0.64, 

-0.60, 
0.34, 

-0.66, 
1." * 

•0.70 
2.30 

EXP 
EXP 

AAlTNR-JO 
-0.46. 
-0.57. 

-0.49, 
-0.54. 

-0.52, 
-0.46, 

-0.55, 
-0.32, 

0.57 
•0.75 

EZTRMP 
EXP 

EXP 
EXP 

j*« ROTOR Z-PACTOR ON TAIL ROTOR MAP •• 
:BIVM ;MAP ARGUMENT: LOOK UP ROUTINE 
CHIPHRM.AAirMRH } INPUT VARIABLE II, IMPUT VARIABLE 12 
EKZTRM .'OUTPUT VARIABLE 
E2TRLO ;LOW ANGLE MAP NAME 
0.0,90.0,10.0.*D10 ;LOW LIM.UPPEF. LIM.DELXA-CHIPMR 
-10.0,10.0,10.0 ;LOW LIM.UPPER LIM,DELTA-AA1FMR 

; LOW ANGLE MAP CHIPHR 0 TO 90 (DEL-10) AAlPMR -10,0 
j AAlfHR—10 

EZTRLO: EXP 
EXP 

-0.C7, 
1.32, 

0.03, 
1.79. 

0.20, 
1.75. 

0.43, 
1.70. 

10 

1.84 
1.65 

EXP 
EXP 

AAlTMR-0 
-0.02, 
0.88, 

0.07, 
1.22. 

0.21, 
1.83, 

0.38, 
2.11, 

0.60 
2.25 

EXP 
EXP 

I AAlPMR-10 
0.07, 
0.71, 

0.15. 
0.95. 

0.25. 
1.24. 

0.J7. 
l.Sf. 

0.52 
2.11 
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TABLE H-1.  Mi-28 SPECIFIC FILE DATA (Cont'd) 

FUSELAGE INTERFERENCE ON THE TAIL ROTOR (WFPA) 

QTRMP: CONST!• 
QP3QWF 
QTRQWFI? 

;•* TAIL ROTOR DYNAMIC PRESSURE RATIO MAP •• 
;MAP ARGUMENT:LOOK UP ROUTINE 
;INPUT VARIABLE 
;OUTPUT VARIABLE 

EPTRMP; ; CONST*• 
EPSP2H 
EPSTRM 

;*• BODY DOWNWASH ON TAIL ROlw MAP ** 
;MAP ARGUMENT:LOOK UP ROUTIN*. 
;INPUT VARIABLE 
;OUTPUT VARIABLE 

SGTRMP: :CONSTM 
SIGP3M 
SIGTRM 

;** BCDY SIDEWASH ON TAIL ROTOR MAP •* 
;MAP ARGUMENT:LOOK UP ROUTINE 
;INPUT VARIABLE 
;OUTPUT VARIABLE 

INPUT PARAMETERS FOR EQUATIONS OF MOTION (IB) 

FSCG: 
WLCG: 
BLCG: 

400.0 
205.8 
0.0 

{   FUSELAGE STATION,Or CO., INCH 
; WATERLINE STATION OF CG., INCH 
; BUTTLINE STATION OF CG., INCH (*IVE TO PORT] 

WEIGHT: 
IX: : 
IY: : 
IZ: : 
1X2:: 
IXY: : 
IYZ:: 

22984.0 
14084.6 
71333.0 
€7915.6 
4239.5 

0.0 
0.0 

; AIRCRAFT GROSS WEIGHT,LBS. 
; INERTIA ABOUT BODY X-AJCIS,SLUG-FT**2 
; INERTIA ABOUT BODY Y-AXIS,SLUG-FT**2 
;   INERTIA ABOUT BODY X-AXIS,SLUG-FT««2 
; CROSS COUPLING INERTIA,SLUG-FT*«2 

; INPUT PARAMETERS FOR NQASE (IA) 

A1SUL 
A1SLL 
B1SUL 
B1SLL 
TH0UL 
TH0LL 
THRUL 
THRLL 

7.0 ; A1S UPPER LIMIT 
•10.5 ; A1S LOWER LIMIT 
20.0 ; BIS UPPER LIMIT 
•10.0 ; BIS LOWER LIMIT 
25.9 ; THET 0 UP?E.< LIMIT 
9.9 j THlli  LOWER LIMIT 
36.5 ; THETT/t UPPER LIMIT 
4.5 i THETTR LOWER LIMIT 

XAUL 
XALL 
XBUL 
XBLL 
XCUI. 
XCLL 
XPUL 
XPLL 

9.0 ; LAT STICK UPPER LIMIT 
0.0 ; LAT STICK LOWER LIMIT 

10.0 ; LONG STCK UPPER LIMIT 
0.0 ; LONG STCK LOWER LIMIT 

12.C ; COLL STCK UPPER LIMIT 
0.0 ; COLL STCK LOWER LIMIT 
4.S I PEDAL UPPER LIMIT 
0.0 ; PEDAL LOWEK LIMIT 
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Figur« H-14.  Ml-28 Fuaalag« Sideforc« Map 
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Figur« H-14.    II-2t Moln totor Dovoraoh on FuooUfo Hop (x-dlroctloo) 
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Figur« B-17.    H1-2S lUln Eotor DovDMsh «o FuMUg« IUp  («-direction) 
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Figur« H-27. Hl-2t «Uta lotor Dovnwash on Tail locor Map (x-direction) 
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Figur» 1-29.    Äi-21 «IM Uft IM 
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Figur« H-30.    Hi 21 VUf Drag Map 
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APPENDIX I 

AAtt HAPEWR TIME HISTORY DATA 

This appendix contains aeiected tlae history plots fro« the AACT data that 
were analyzed. These tlae histori-s represent th« cases where a ±3-degree 
firing window was achieved. Data provided ara: 

S-76A vs UH-60A 
Counters 208019 to 208027 

AH-IS vs OH-58A 
Counters 302014 to 302019 

AH-64A vs SA-365N (AH-64A turrcted gun) 
Counters 417003 to 417009 

AH-64A vs SA-365N (AH-64A fixed gun) 
Counters 411011 to 411023 

S-76A vs OH-58A 
Counters 23020 to 23038 

UK-60A vs OH-bBA 
Counters 27026 to 27043 

The data presented shows the range between the helicopters in attar« and the 
azlautn and elevation angles of each helicopter, aa seen froa th« body axes of 
th« other. Th« tlavs seal« is th« tlae data recorded during th« encounter. 
This is th« «as* tlae used as a reference In column 5.3 of Table 6. Th« 
discontinuities in th« angular data are caused by 180 degree phase shifts to 
keep th« angles within plus or alnua 180 degrees. 

472 



Ii
ii

n
n

 1
1p

 f 
in

n
 n

p
11

n
 n

 1
11

11
11

1 
n

 1
11

 m
 11

n
m

 n
 n

p
 i 

• 
s 

it
 

15
 

T
I 

?s
 

?»
 

K
 

*«
 

45
 

5
* 

ss
 

U
rn

? 
S

R
 

F
i
g
u
r
«
 
I-

i.
 
 
T
i
*
e
 
H
i
s
t
o
r
y
 
D
a
t
a
,
 
C
o
u
n
t
e
r
 
2
0
8
0
1
9
 



la
r^

t 
 C

W
 

0»
» 

im
i|

M
ii

|i
m

ii
ii
m

in
i 

11
m

il
!i

im
i 

in
 »n

 M
Ii

gf
 11

H
I 

•
 

5 
19
 

IS
 

?
• 

Z
9 

39
 

X
 

19
 

1
9
 

9
9
 

9
9

 
M

|I
M

I|
M

I 
0
9
 

G
9 

F
i
g
u
r
«
 
I-

f.
 
 
T
i
a
a
 
H
i
s
t
o
r
y
 
D
a
t
a
,
 
C
o
u
n
t
e
r
 
2
0
8
0
2
5
 



M
 
- 

M
 

li
n

M
M

M
|m

r|
n

,jH
Fi

rn
f»

fi
M
ii

iy
M

i»
in

ii
|i

»
in

im
>

n
»M

M
M
ii

ii
»i

n
n

| 

?
#
*?
 

S
ec

 

F
ig

u
r»

   
1
-3

.  
   

T
la

w
 H

is
to

ry
 

D
at

a,
   

C
o

u
n

l.
r 

 2
08

02
6 



I 
i 

\ 

> 

•8 

•in 
2 

*      3 
I 

•B 
J 

-^ & 

•.kA 

47« 



1/ 

I 

fTTT 

1 

T-i r 
I • » 

K     t   rt I 
2;     ! Is 

V 

\ 

d 
) 

-8 

-St 

—ui 

-* 

1« 

mi;:' JIIIINII 

J! 

-R 

.m 

-* 

! 
il 

i 

3 

t 
2 
• 
X 

I 

477 



li
m

  
 S
e
c
 

F
i
g
u
r
«
 
1-

4.
 
 
T
i
J
M
 
H
i
s
t
o
r
y
 
D
a
t
a
,
 
C
o
u
n
t
e
r
 
3
0
2
0
1
t
 



M
 
- 

M
 o
ca

 
1

«
r«

rt
  

E
l«
 0

*9
 

Ta
r 
«

I 
  A

n
 0

*9
 

-7
M
 
-

 
iw

 4
 

«
H

IS
 

T
v

«
rt
 t

lv
 O

r»
 7
t»
 
-

 

m
is

 
Im

r*
* 

  A
r.
 
D

r,
  
 •

 

X
T

 

H
M

1
IM

 M
 [I

 m
jl

ll
M

H
 IM

»
! 

II
M

1
M

M
I 

M
 |1

M
IM

M
I|

M
 ll

| 
I I

 M
 |l

 
•
 

S
l
«

I
S

7
t
Z

S
a

t
3

S
4

9
4

S
S

0
!
R

G
e

 

ti
w

 
S

ec
 

F
ig

u
r«

  
X

-7
.  

   
T

la
a
 
H

is
to

ry
 
D

a
ta

, 
 C

ou
n

te
r 

30
20

19
 



. 
r 

s 

M 
- 

H
 

9
i 

- 

Iv
iH

  
IW

 

fv
s
rt
 
ft

»
 

T
«

lH
  

C
iv

 

'I
    

 I  
    

I   
  I

    
 I  

   |
    

  I 
    

I   
  I

    
 t 

    
|   

  I
    

  I 
    

 1  
   I

    
  1 

    
 I 

I«
 

IS
 

I  
   

 I 
   

 1
   

   
I  

   
 I 

   
 1 

   
  I

   
  |

   
   

»  
   

I 
29
 

7S
 

T
.w

 S
ec

 

»l
gu

re
 
I-

S
. 

  
 T

IM
 
H

is
to

ry
 B

at
«,

 
41

70
03

 



M
 -
 M

 

fe
rs

H
 

E
lv
 

O
P

, 
-

 

l«
r*

*l
  

to
»
 O

r,
 

l»
S

rt
  

C
W
 

O
P

, 

T
a
r^

rt
  

to
w

 

T
il

 

F
ig

u
r«

  
1

-9
. 

   
 T

Ü
M
 
H

is
to

ry
 D

a
ta

,  
 C

ou
n

t«
r 

41
70

05
 



M
 -
 M

 

T
«
r«

*t
 
A

»
 B

*j
 

t 
i i

 ii
 il

 i 
f i 

• |
i 

i i
m

 11
 T 

• n
 11

| 1
11

 f 
M
 1

11
 i 

ii
 m

 1
11

 n
 i 

e i 
H
I 

11 
rr

m
 

5
 

!•
 

IS
 

Z
* 

f.
, 

38
 

3b
 

-W
* 

IS
 

S
«
 

S
S
 

6
»

 

T
IM

»
 
S

e
c

 

F
ig

u
r«

  
I-

1
0
.  

   
T

im
 H

is
to

ry
 &

*t
*,

   
C

ou
nt

«r
 4

17
00

6 



M
 
-
 

M
 

5«
 
- 

SA
36

S 
• 

-I
f«

 
- 

S
ft

X
S

 

IM
   

- 

T
»

9
rt
 

E
l«
 0

««
 

»
••

P
rt
 
*
•
 f

c
»

 

1 

|  
 I 

   I
   

t  
  I

   
|  

 I 
  I

    
1  

 I 
  |

   
I 

• 
5 

It
 

I  
 I

   
 | 

  
I  

 I
   

 I 
  

I  
  |

  
 I

   
 I 

  
I  

  I
   

|  
  I

   
 I 

   
I  

  I
   

 | 
   

I  
  I

   
 I 

   
I  

 |
 

IS
 

29
 

7S
 

39
 

35
 

li
a

r 
S

ec
 

F
ig

u
re
 

I-
1
1
. 

  
 T

IB
M
 
H

is
to

ry
 D

st
s,

  
C

ou
n

ts
r 

41
70

01
 



N
 -
 

N
 

Im
-w

i 
tU

 

-H
 

r«
T

9
rl

  
A

m
 0

*9
 

S 
H

 

T
v

«
H
 
ll
v
 0

*n
 

t
 

-«
0

 

©
•»
 
•
 —

 
^p

 
r 

>i
t
 F
 f

ii
f
 U
i
f
 M
I
i
i
f
 t
 f
 t
1

1
iM

ii
i
f

1
1
i
Iy

i
i
i
f
 I
 r
 I
 1

1 
11

1 
0
 

S
 

10
 

tS
 

2
0
 

Ä
 

9
0
 

3S
 

4
0
 

«S
 

I 
••

* 
S

ec
 

Fi
gu

r«
 
1-

12
. 
 
T
I
M
 
Hi
st
or
y 

D«
t«

, 
C
o
u
n
t
«
 4
1
7
0
0
9
 



E-a 

r8 

r$ 
V* 
*4 
© 

r» 5 
•* 
»4 

-^ 3 
m +• 

j 
-f . 

J 
-is fr 

E    Ji 3 
• 

r* i 
«4 
X 

r« 

r« 
-^ 

-.* 

J 

i 

as 



<sl 

rmr 

\ 

T—T 
i 

N 
\ < 

I I 
> 
z 

» k 

-ß Ji 

-^ 

,*."» 

1 
J 
i I 

1 

s    . 
u z 
I 
3 
•3 

D 
S 
• 
B 

J 

I 

4M 



M
 -
 

N
 

Iv
y

r
t 

E
l«
 O

r*
 -!

•»
 
- 

l<
T

9v
4 

A
n
 D

*»
 

T
«

r»
H

   
El

< 

v
\y

v
 

i 

M
M

 if
 i
n

n
 m

if
ii

 n
in

t 
i i

ii
ii
n

i 
ii

| 
M

M
 f

in
 i|

i 
t i
i|

 i 
•
 

S
l
t
l
S

Z
»

2
S

3
0

S
«

l
*
S

S
i

 

It
*

 

Fi
gu

ro
 
1-

15
. 
 
Tl

««
 
Hi
st
or
y 

Os
t«

, 
C
o
u
n
t
«
 4
11
02
3 



y 

< 

> 

T 
< 

inn,;: 'i 
* •     { ~ * 

l k 

^ :' 

^ 

Si! 

:   I 

_* 

TTTTtTTTT 

I 

TTTTT TTTTT 
I     •    f 

i    "r   ?       f     1     -   f 

s 
» 
S 

i 
i 

w 

i 
l 
s 
• 

i 



Iv
g

ri
  

E
U
 0

*9
 

ii
ip

ii
ii

|i
ii

i|
ii

ii
M

in
!U

H
|i

ii
H

M
U

|m
i|
m

m
ii

tn
in

n
ii

n
ii

n
pi

n
n

i^
M

'»
M

H
M

i 
S

   
   
It

   
   

IS
   

   
2
0

   
   

 .»
   

   
»

X
*
0

f
S

S
»

S
S

G
*
G

5
   

   
7
t
*
7
S

m
f
l
U

9
»

 

T
io

e
 S

rc
 

F
i
g
u
r
«
 
1
-
1
7
.
 
T
l
M
 
H
i
s
t
o
r
y
 
St

et
«,
 
C
o
u
n
t
a
r
 
2
3
0
2
1
 



i • 

3 
i 

m 
m 

i 

490 



H 
 -

  
H 

|ri
iig

iiW
|ri

iif
iii

igi
w

i|i
fii

tiw
iy

igi
i|i

gi
ig

fii
i|i

iii
|M

ii|
iig

i|H
ii|

iir
^|i

iii
|ii

ff
|iH

ig
iiw

i|f
ni

|M
in

i5i
nm

nn
n 

t 
   

  S
   

 I
t 

   
1

S
n

?
S

3
l£

1
f
1

S
M

%
M

K
   

 7
9 

   
7S

   
M

   
BS

   
98

   
9S

 1
W
 I

tS
 1

10
 I

IS
 

T
IM

* 
Se

c 

F
i
g
u
r
«
 
1-
19
. 
 
T
l
a
s
 
H
i
s
t
o
r
y
 
D
s
t
s
,
 

2
3
0
2
s
 



*4 

s 
M 
U 
5 

i 
3 

2 

3 

4f2 



M 
  -

   
H 

»
 ^

t 
  t

o
«
 0

»9
 

%
m

 
T

a
r*

H
  

C
iv
 
0
*9

 -\
m
 -

 
V

 
£ 

11
1 

ii
 1

1 
ii
 11

 »
i 

11
11

11
11

1 
• 1

11
1 

n
 n

 > 
11

11
11

1 
n

 11
1

11
1 

n
 n

 i 
M

 1
1 

•
 

5
 

U
 

15
 

?
l 

ZS
 

»
 

S
 

H
 

ft
 

M
 

!f
i 

F
ig

u
r«

  
1
-2

1
.  

   
Ti

m
m
 

H
U

to
ry
 

D
*t

*.
   

C
ou

n
te

r 
23

03
4 



3 
I 

i 
m 

I 

4H 



M
 -
 

M 

T
a
-t

r.
t 
 E

lw
 

0
»

 
T

« 
«

P
i 

to
»

 

IN
 
- 

0
*9

 

-5
0
 
- 

S»
  
-

 
0 

-
 

0
*3

 

-?
0
0

 

/
\

 V
 

M
ii
ii
ii

im
»»

i|
»
i»
ii

n
i>

n
m

|i
in

tm
ii
i 

* 
5 

in
 

15
 

20
 

25
 

38
 

35
 

40
 

T
i«

e 
Sr

r.
 

U
iM

H
M

iB
|n

n
|u

n
|T

rr
 

45
 

50
 

55
 

00
 

G
5 

F
lg

^
r«
 

1
-2

3
.  

   
T

la
»
 
H

is
to

ry
 

D
a

ta
,  

 C
ou

n
te

r 
23

03
7 



M
 -
 H

 0M
&

» 
la

rs
rt
 
E

U
 D

M
 

a*
 

S
7B

 
T

a
rs

rt
  

E
lv
 O

M
 

•1
W
 
- 

-z
w

 

v
v

 

lii
iH

in
il

ii
ii
li

ii
n

m
ii

m
iH
 

iH
iM

ii
m

n
M

ti
ii

im
ii
ii

n
ii
i|
iM

i|
i 

• 
5 

   
   

 1
8 

   
   

 ib
  
  
  

 z
* 

  
  
  

zs
  
  

  
 3

0 
   

   
 J

5 
  

  
  

^e
   

   
  i

s
  
  

  
 s

e 
  

  
  

ss
  
  
  

 w
» 

  
  

  
B

S
  

  
  

  
TO

 

f
iv

 S
ec

 

F
ig

u
r»
 
1

-2
4

. 
   

 T
la

w
 
H

la
to

ry
 
D

a
ta

, 
 C

o
u

n
ta

r 
2

3
0

3
8

 



M
 -
 H

 

-1
W

 
?m

 —
 

UM
SO

 
T

s
rs

rt
  

E
lv
 

O
-9
 

*
 

-I
«

 
Z

M
 —

 

T
«
-^

t 
 f

ta
D

w
   
' 
 

 

y
^

\ 

\7
* £\

^_
 

|ii
M

|i
M

>|
M

ii|
i»

ii
ii

ii
|i

H
i|i

ii
i|

in
iM

ii
H

ii
ii

|i
iH

|m
i|
ii

in
in

i|
ii

ii
|i
ii

i|
ii

ii
|i

ii
n

>n
n

ii
 

•
   

   
 S

I
»

1
S

?
»

2
S

3
9

3
S

4
e

4
5

S
0

S
5

6
B

G
S

?
9

   
   
7

S
B

B
B

5
9

e
S

&
 

T
ia

e
 S

P
C

 

Fi
gu

r«
 
I-

25
. 
 
T
I
M
 
Hi
st
or
y 

Do
t«

, 
Co
un
te
r 

27
02
6 



•
 

—
 

1
0
0

 

W
 
- 

M
 o
re

* 
1

^
9

rt
 
E

lv
 

29
0 

T
«

rs
rt

  
A

»
 D

i-9
   

C
 1«
 

U
H

E
* 

T
e

rg
v

l 
 E

lv
 0

*9
 

* 

IM
 

If
C

»
 

•
 

T
ar

«r
t 
*
»

 0
**

 

^
 

|ii
H

|H
ii

|i
ii

i|
M

ii
|M

ii
|i
ii

i|
ii

m
ii

iH
ii

ii
|f

ii
i;

m
m

n
m

ii
n

m
n

ii
n

ii
im

ii
»

|i
 

•
 

S
f
«
I
S

7
t
n

3
8
3
S

4
0

   
   

 4
S

S
e
%

B
B

G
S

?
B

?
S

8
e
i
9
G

 

F
i
g
u
r
«
 
I-

2f
t.
 
 
T
S
o
*
 
H
i
s
t
o
r
y
 
D
a
t
a
,
 
C
O
U
T
M
 
2
7
0
2
7
 



T
a

rs
rt

  
fi

rm
 
O

r*
 

|i
ii

i|
ii

n
|i

iM
|i

ii
i|

ii
ii
|i

ii
i|
ii
ii

ti
ii

n
ii
in

ii
in

im
|i

im
in

n
in

ii
m

n
in

 
•
 
 
 
 
S 
 
 
It
 
 
 
IS
 
 
 
?t
 
 
 
ZS
 
 
 
»
 
 
 

'..
, 
 
 
49
 
 
 
1S
 
 
 
5*
 
 
 
55
 
 
 
GO
 
 
 
65
 
 
 
70
 
 
 
75
 

T
.
»
 
Sc

r 

F
i
g
u
r
«
 
1
-
2
7
.
 

Ti
m

m
  
H
i
s
t
o
r
y
 
D
a
t
a
,
 
C
o
u
r
s
e
 
2
7
0
2
9
 



s     • 

J 
b 
& 
m 

SB 

i 

i 

500 



M
 -
 

M
 

Im
 s

r«
.  

C
iv
 0

*9
 

S 

et
c«

 
Iv

s
H

  
te

a
 O

fr
» 

  •
 II
 

T
«
r„

rt
   

E
!v
 

O
k-

9 
*

 

-t
u

 

T
«

. 

-T
U

  
Z

 

• 
S 

18
 

IS
 

Z9
   

   
  Z

S 
ni

t i
ii
im

n
i m

n
in

n
in

i i
m

u
m

in
ii

 m
 i 

»
K

t
t
l
S

S
O

S
S

G
t
f
a

&
T

*
 

T
ia

v
 S

ec
 

F
ig

u
r«
 

1
-2

9
. 
  
 T

lM
 H

U
to

ry
 D

*
t*

. 
 C

O
U

T
M
 

27
03

4 



N
 
- 

 M
 

T
a

ry
H

  
fe

w
 0

*»
 

H
in

|y
iii

lii
iil

ii
in

iii
n

ii
ii|

iii
:i

m
u»

ii
i|i

in
|i

ii
i|

iii
n

m
r|

in
n

iii
i|H

in
iii

ii
 

t
 

5 
   

   
 l
»

   
   

  1
5 

   
   

 7
A

   
   

 2
5 

   
   

 3
3 

   
   

 3
5 

   
   

 1
» 

   
   

 1
5 

   
   

50
   

   
  1

A
   

   
  f

cH
   

   
 K

   
   

  7
0 

   
   

 7
5 

   
   

 8
0 

   
   

 0
5 

T
iw

 5
>c

 

F
ig

u
r«
 

1-
30

. 
  
 T

lM
 R

U
to

rj
 D

at
a,
 

C
ou

ra
a 

27
03

* 

W
M

 



J 
J 

•a 

•8 

•a 

»3? 

—^ 

=•? 
j 

M » 

.kfl 

-wfl 

; ' i illllllllli'l'JIIIITTTT 

i 
f 
b 

i 
8" 
s ? 1 I 

S 
en 

I 
r 
! 

i 

503 



M
 
- 

 M
 

T«
r 
9

rt
   

ft
m
 D

V
9 

t n
 n

 i 
m

il
 11

 ii
 i 

n
n
i 

ii 
m

 n
 m

il
 m

il
 i 

rp
i i

 ip
i M

II
I 
m

m
 n

il
 i 

tin
 i 

t 
S 

16
 

IS
 

?
• 

7S
 

30
 

3S
 

4«
 

IS
 

5*
 

55
 

60
 

6S
 

F
ig

u
r«
 

1
-3

2
. 
  
 T

iM
 H

is
to

ry
 D

a
ta

, 
2
7
0
3
t 



3 
& 

t 
2 • 
X 

! 
H 

I 

505 



u 
i 

3 
I 
t 
2 
* 
R 

I 

506 



APPENDIX J 

This appendix contain« a auanary of all th« AACT encounter« that war« 
analyzed. They are arranged by counter number and are In the sane order aa 
Table 6. The Initial condition* for each of the encounter« are summarized in 
Table J-l. 

COUNTERS  208018 • 208028 
S-76       V«    UH-60A 

208018 

The S-76 perform« a right yav maneuver of 242 degrees In 6 second« from a left 
banked Initial condition. Although the S-76 did not achieve a 3-degree firing 
window, this flight sequence Is an interesting one because of the high perfor- 
mance maneuver being executed. 

208019 

The 3-degree firing opportunity of the S-76 was achieved during the closure or 
set up of Initial condition« of the flight sequence and not during the maneu- 
vering. The maneuvering porcion of the scenario was basically a tail chase 
with the UH-60A acquiring the 3- degree firing opportunity by performing a 
pedal turn at low airspeed. 

2C8020 

This scenario involves both helicopters making opposite spiral turns at 

different altitudes that produce differences in altitudes of from 400 to 700 
feet. This delta altitude betveen the two helicopters may be the main reason 
why there are no significant firing windows. 

208021 

The S-76 performs a couple of highly banked high rate turn« and hold« the tall 
position of the UH-60A for the majority of the flight sequence. 

208024 

This scenario involved e tall chase with the UH-60A «lowing down near the end 
of the flight sequence, executing a high rat« turn and achieving the 4.6 
degree resultant firing opportunity. 

208025 

There ia essentially no maneuvering ir. this flight sequence and the 3-degree 
firing window opportunity by the S-76 Is accomplished during the initial 
closure of Che two helicopters. 
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208026 

After th« initial fly-by of th« two helicopters, the S-76 never maneuver« while 
th« UH-6QA turns and achieves the 3-degree firing opportunity. 

208027 

The two helicopters perform a series of S-turns witn the UH-60A developing two 
good firing opportunities. One of the firing opportunities Is 3 degrees but 
for only one time step. The other 3-degree firing opportunity of the UH-60A 
was during the closure of the two helicopters for set up of the Initial 
conditions. 

208028 

After the initial fly-by, the UH-60A slows to 14 kts and executes a 190-degree 
high rate turn in .7 second to develop an excellent firing opportunity on the 
S-76. Although uo 3-degree firing windows are achieved, seven times steps 
with 3.4 degrees in azimuth and elevation combined are achieved. 

COUNTERS 302013 - 302021 
AH-IS     Vs    OH-58A 

302013 

This scenario consists of a sequence of several tall chases that are aeparated 
by S-tum maneuvers. The AH-IS maintains the greatest percentage of time on 
the tall position of the OH-58A. 

302014 

In this flight sequence the two helicopters are In a tall chase but the AH-lS 
maintains an advantage by slowing dovn and pedal-turning to track the OH-58A 
and achieving the 3-degree firing opportunity. 

302015 

After the initial pass th« OH-5&A «low« down and performs a pedal-turn to 
achieve a short firing window on the right side of th« AH-lS. The flight 
eequence ends at these conditions. If the scenario had continued the OH-58A 
might possibly have obtelned a better firing opportunity. 

302017 

In this scenario th« maneuvering consists of s tall chase with the AH-lS 
achieving the b««t tiring window during th« ches«. The firing window data 
recorded for the OH-55A for this flight sequence occurred before the Initial 
paas. 
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302013 

The AH-IS maximum airspeed in this flight sequence is 48 knots and is in a 
hover for the majority of the scenario. The OH-53A achieves the long 2.9- 
second 3-degree firing opportunity because the AH-1S is in a hover. The fact 
that the OH-58A achieves such a successful firing opportunity when the AH-IS 
remains in a hover makes this flight sequence a gsod control rest, but the 
date were not used for scoring. 

302019 

The 3-degree firing window is achieved by the AH-IS immediately after the 
scenario begins and before any maneuvering occurs, thus it is not a 
significant window. No other 3-degree firing windows were achieved. 

302020 

In rhis scenario the OH-58A is approaching a hovering AH-IS. When the OH-58A 
passes the AH-1S, the AH-1S executes a series of pedal turns to track the 
OH-58A. Th* maximum airL peed of the OHoSA during this scenario is 41 kts. 

302021 

There are some erroneous instrumentation parameters in this scenario since 
both helicopters perform importIble attitude and translation maneuver combina- 
tions. 

AH-6&A vs SA-3S5N 

Two sets of engagements are discussed for the AH-64A/SA-365N combination. The 
first set (counters 417001 to 417012) were the data originally provided by the 
Army and inadvertently were those with the AH-64A simulating use of a turreted 
gun. The second set (counters 411009 to 411023) were subsequently provided 
near the end of the contract and represent the A1-64A using a fixed gun. For 
completeness, since both sets of data were analyzed, «11 of the scenario* are 
discussed below. 

COUNTERS 417001 - 417012 
AH-64A    Vs SA-365N 

(AH-64A in turreted gun mode) 

417001 

The minimum firing windows listed occur at the very beginning cf the scenario 
before the maneuvering begins. During the maneuvering, the helicopters are 500 
feet apart in altitude, which is why there are no good firing windows. The 
maneuvering flight sequences after the initial fly-by conslcts of turns and a 
second fly-by 
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417003 

This flight sequence Involves a fly-by and turns by both helicopters. The 
AH-64A slows down aore than the SA-365N and executes a pedal turn to achieve 
the 3-degree firing window. 

417004 

After the initial fly-by, the AH-64A slows down and executes a high rate turn 
to achieve the advantage position behind the SA-36SN. The data file ends just 
when the AH-64A has positioned Itself „.or a possibly good firing window. 

417005 

In this scenario both helicopters slow down after the Initial fly-by. The 
SA-365N then performs a high rate turn to achieve the 3-degree firing window. 
The AH-64A for some reason does not pedal turn toward the SA-365N; possibly 
because It was not within the field of view of the AH-64A or It vas simulating 
use of a turreterf gun. 

417006 

After the initial pass of the two helicopters in this scenario the SA-365N 
attempts sn escape by running away from '.he AK-64A. The AH-64A follows and 
achieves the 3-degree firing opportunity on the tail position of the re- 
treating SA-365N. 

417008 

Beginning at time step 23.5 seconds, the translation data for the SA-36 5N is 
erroneous since it tracks the helicopter reversing direction at constant 
airspeed and heading. The 3-degree firing windows were achieved before the 
maneuvering began while the SA-365N was approaching a hovering AH-64A. 

417009 

The SA-365N achieves the 3-degree firing window at the beginning of the flight 
sequence when, as set up in the initial cr litions, the SA-365N is chasing the 
AH-64A. During the maneuvering segment of the scenario the AH-64A »lows down 
to execute a high rate turn but the SA-365N eludes him by maintaining an 
altitude advantage. 

417012 

In this scenario the AK-64A tracks the SA-365N, which is at a higher altitude, 
by pedal turning.  The AH-66A then accelerates to attempt to gain the tall 
position on the SA-365N.  The AH-64A is unable to attain the advantage posi- 
tion but th* SA-365N makes a high rate turn and ends up at the tall position 
of the AH-64A but is too high to achieve a good firing window. 
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AH-64A     Vs   SA-365N 
(AH-64A in fixed gun node) 

411009 

The initial conditions of this scenario position the Apache and Dauphin in a 
head-on approach along offset parallel paths. After the initial pass, both 
aircraft turn in on the other and then the SA-365N slows down and pedal turns 
on the AK-64A. The ensuing naneuvers consist of S-turns where the Dauphin has 
the advantageous position more often than the Apache, but no firing 
opportunities are recorded. 

411010 

In this engagement, the initial conditions are the same as 411009. After the 
initial pass, the aircraft again turn towards each other. The Cn-36N passes 
170 feet over the Apache and then the two helicopters diverge without any 
further encounters. 

411011 

The AH-64A and SA-365N sppro&ch each other head-on as in 411009. Subsequent 
maneuvering develops into a series of S-turns and pedal turns by both air- 
craft. The firing win low was achieved by the Dauphin after it acquired the 
Apache with a pedal turn. 

411012 

Similar initial conditions to 411009 stare this engagement, but the AH-64A 
gains more altitude as the helicopters turn into each other after the initial 
pass. The Apache slows as the Dauphii passes underneath, and then the AH-64A 
executes a pedal turn and pursues the SA-365N for a short time until the 
scenario ends, 

411013 

After the two helicopters pass each other on offset, parallel courses, they 
turn In on each other. The AH-64/ executes a lower airspeed pedal turn than 
the SA-365N. The firing windows were achieved as the two helicopters ap- 
proached each other with the Dauphin achieving its window 2 seconds before the 
Apache. 

411014 

Initial conditions are as in the previous engagement where both helicopters 
perform pedal turn« towards each other after the first pass. The Dauphin is 
quicker in executing its turn wnlle the Apache stops turning before attack 
position is reached. This suggests the AH-64A may have lost sight of the 
SA-365N. 
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411016 

This engagement starts with both aircraft on a parallel course In the same 
direction. They then turn In on each other with the SA-365N gaining an 
altitude advantage. The scenario then develops Into a number of opposite 
spiral turns by the two helicopters with 200- to 350- foot differences In 
altitude with the Dauphin maintaining its advantage. This altitude offset 
prevents any achievement of firing windows. 

411017 

This encounter starts In the same manner as 411016. Again, the Dauphin gains 
an altitude advantage during the initial turn-in. By executing a sideslipping 
turn, the SA-365N gains the tail position on the AH-64A for a significant 
duration of this sequence. 

411022 

The two helicopters are initialized with the Apache on the tall of the 
Dauphin.  The AH-64A gains altitude as the Dauphin tries to turn-in on its 
attacker. The remainder of the encounter is a series of spiral turns and 
pedal turns with neither aircraft able to get a firing window. 

4H 023 

This engagement starts out the opposite of 411022, with the SA-365N on the 
tali of the AH-64A. The Dauphin gets a firing window as the Apache is broad- 
side to it, attempting to turn-In on the SA-365N. The remainder of the 
engagement is a series of S-turns by both vehicles. 
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COUNTERS 23fr?Q - 23038 
S-76    Va  OH-58A 

23020 

Both helicopters achieve their first 3-degree firing window« during the 
initial head on pass. The helicopters each perform pedal turns to achieve the 
second set of 3-degree firing windows. The OH-58A is about 1.8 seconds faster 
in achieving this second firing window th»n the S-76. 

23021 

The first 3-degree firing window by the S-76 was during the initial approach 
cf the two helicopters. The maneuvering sequence of the scenario is a series 
of S-turns which ends in * tight turn tell chase. The last two 3-degree 
firing windows achieved by the S-76 were due co it slowing down end parforming 
high rate turns. 

23025 

The S-76 3-degree firing window wcs achieved during the initial approach cf 
the two helicopters. During the "fights-on" Maneuvering, which consists of a 
aeries of S-turns, no 3-degre* firing windows were scored. 

23026 

By performing a 100-degree pedal turn, the S-76 gains the tail position on the 
OH-58A end eiintelns it throughout the majority of tfce scenario. The 3-degree 
firing window of the S-76 is echleved during the Initial approech of the 
flight sequence. 

23027 

This scenario ends before the two helicopters initially paaa eech other. 

23032 

The S-76 achieves the tail position on the OH-58A efter the first tun» ot the 
maneuvering sequence and maintains the advantage position throughout the 
scenario. The maneuver that positions the S-76 on the tail of the OH-56A la a 
49-degre« banked left rurn with a 162- degree heading change in 7.9 seconds 
nsrfcrmed at airspeed as low as 54 knots. 

23033 

The S-76 performs a high rate turn to gain the tail poaition of the OH-58A and 
maintains it throughout the majority of th« scenario. The f-76 has e number 
of firing opportunities that are less than 10 degrees but none that ere less 
than 3 degrees. 
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23034 

The S-76 achieves Its 3-degree firing window before the Initial pass of the 
tow helicopters. The data file end* shortly after the first fly-by of the two 
helicopters. 

23035 

The 3-degree firing window by the S-76 was achieved before »he ivlttal pai»s of 
the two helicopters. The maneuvering sequence consisted of a couple of 5-turn 
maneuver» and then the S-76 gains the tall position of the OH-58A for about 13 
seconds but Is unable to acquire a J-degree firing window. 

23037 

In this flight sequence the ÜH-58A achieves a 3-dagree firing opportunity 
while approaching a hovering S-76. After the Initial pass the S-76 turns 
toward the OH-58A and the flight scenario ends. 

23038 

This scenario Is a little different In ':hat the S-76 achieves a 3-degree 
firing window while the two helicopters am at different altitudes. The S-76 
enjoyed the 69S foot altitude advantage. The 3-degree firing window was 
achieved by the S-76 p^rforalng a 59-knot average airspeed, 200-degree turn in 
11.4 seconds to gain the tall position cf the OH-58A. 

514 



COUNfERS 27026 - 27043 
UH-60A   Vs   OH-58A 

27026 

The OH-58A achieves the 3-degree firing window before the initial pass. After 
the first pass the two helicopters make S-turns then the UH-60A out-turns the 
OH-58A to acquire the tail position of the OH-5«* and maintains it throughout 
the remainder of the scenario, during which Claw '>.: »cores a 2-degree firing 
window. 

27027 

The OH-58A scores a 3-degree window during the initial approach of the two 
helicopters. The maneuvering segment of the scenario is a tail chase with the 
UH-60A on the tail of the 0H-S8A throughout the flight sequence. The two 3- 
degree windows achieved by th», UH-60A were dur.'ng this tail chase segment. 

27029 

This scenario begins with the UH-60A on the tail position of the OH-S3A at a 
range of 507 meters. The UH-60A maintains the tall position on th* 0H-53A 
throughout the flight sequence, scoring two 3-degree firing opportunities. 
The maneuvering consisted mostly of circling tail chases with a couple of S- 
turns. 

27031 

Both helicopters achieve 3-degree firing opportunities before the first pass 
of the two helicopters. The UH-60A has the best firing opportunities during 
the spiral tall chases that develop after the initial pass but no 3-degree 
firing windows are achieved in the maneuvering sequence. 

27033 

In this scenario the maneuvering segments consist of alternating S-turns and 
tall chases with the UH-60A a:hlevlng the tall position to the OH-58A most 
often. No 3-degree firing windows are achieved in this flight scenario by 
either aircraft. 

27034 

The first of the two 3-degree firing wlndovs of the UH-60A on the OH-5SA was 
achieved before the initial pass of the two helicopters. The remainder of the 
scenario vas a series of tall chases, straight run», and S-turns with the 
UH-60A achieving the best firing opportunities. Tie UH-60A achieves the 
second 3-degree firing window when the OH-56A performs a reversal while the 
UH-60A is on the tail of the OH-58A. The OH-58A achieved no firing 
opportunities. 
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27035 

Tha Initial conditions of this scenario hava the OH-38A on tha tall position 
of tha UH-50A. A 92-degree left bark by the UH-60A is parforned early in tha 
scenario and reverses the position to where the UH-60A achieves the tall 
position on the 0H-58A. However, no 3-degree vindows «re scored in this flight 
sequence. 

27036 

This scenario consists of spiral tail chases separated by an S-tura.  V'r.e 
UH-60A acquires the tail position of tku\  OH-58A and holds tha position through- 
out tha «ajoiity of tha flight sequent«.  The 3-degree firing window was 
ach.eved by tha UH-60A while on tho tall position of the 0H-5CA which was 
performing a reversal at the time of the score. 

27037 

In this scenario ths two helicopters perform S-turrvs a5t«r tha initial fly-by 
that results in the UK-60A achieving the tall position on the OH-58A, The 3- 
degree firing window was acquired by the UH-60A during the last turn before 
the helicopters broke froa their maneuvering saquence. 

27038 

This scenario begins with the UH-60A In a tall chase on tha OH-58A and Kain- 
tains the advancage posit.'.on throughout the scenario. The Maneuvering se- 
quence consists of a serlea of S-turns by the OH-58A in an attempt to deny the 
UH-60A a firing aolution. Th* first 3-degree firing window by tho UH-60A was 
aada during the initial approach of the two hsllcoptera while the second one 
was acquired while the UH-60A was on tha tall of the 0H-S8A. 

The UH-SOA achieves the 3-degree firing window before the first pass of the 
two hellcoptera. The Initial pass occurs at the 6-4-second mark of the acanar- 
lo. The maneuvering eegaant of the acanarlo conslats of a spiral tall chase 
with the UH-60A on the tall position of tha OH-58A. 

27042 

The initial condition of thla acanarlo position« the OK-58A on the tall of tha 
UH-60A, *\nd the OH-58A holda thla position throughout the maneuvering aaquence 
as evldert by the alnlaua firing window resultant of -.2 dagreer for the 
OH-58A versus 87.9 degrees for th« UH-60A. No 3-degree firing windows w*ra 
•cored. 
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27043 

The Initial conditions of this scenario place the OH-58A on the tail position 
of the U1I-60A. The only maneuvering in this scenario consists of the UH-60A 
making a turn back toward the OH-58A a^d the subsequent fly-by. The two 3- 
degree firing window achieved by 0H-5BA were before the UH-60A made its turn 
bark toward the OH-58A. 
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TABLE J-l. AALT ENGAGEMENT INITIAL CONDITIONS 

C0UNT2R INITIAL CONDITIONS 

208018 

208019 

208020 

208021 

208024 

208025 

208026 

208027 

208028 

302013 

302014 

302015 

302017 

302018 

302019 

302020 

3020?1 

417001 

417003 

417004 

417005 

417006 

417008 

Abeam level attack, S-76A bogey 

Abean level attack, UH-60A bogey 

Abean cltabing attack, S-76A low 

Abeaa cliablng attack, UH-60A low 

Head-to-head attack, 80 kts 

Head-to-head attack, 120 kta 

Head-to-hsad ectack, 120 kts 

Abean level attack, S-76A bogey 

Abeaa level attack, UH-60A bogey 

Head-to-head attack, AIMS 120 kts, OH-58A 100 kts 

Head-to-head attack, 60 kts 

Head-to-head attack. AH-IS 120 kta, OK-58A 60 kts 

Abeaa level attack, AH-IS 120 kta, OH-58A hover 

Abeaa level attack, AH-IS hcver, OH-58A 100 kta 

NOE. AH-IS 120 kcs, OH-58A hover 

NOE. AH-IS hover OH-58A 100 kts 

Tall chase 

Head-to-head attack, 120 kts 

Hesd-to-head attack, 120 kta 

Head-co-head attack, 120 kca 

Head-co-head aCCeck,   120 kcs 

Head-co-head attack,  120 kta 

HOE abeaa flyover,  AH-64A hover,   SA-365N 120 kta 
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TABLE J-1. AACT ENGAGEMENT INITIAL CONDITIONS (Cont'd) 

COUNTER INITIAL CONDITIONS 

417009 

417C12 

411009 

411010 

411011 

411012 

411013 

411014 

411016 

411017 

411022 

411023 

23020 

23021 

23025 

23026 

23027 

23032 

23033 

23034 

23035 

23037 

23038 

Tall chase 

NOE ab?aa flyover, AH-64A hover, SA 365S 120 kts 

Head-to-head attack, 120 kts 

Head-to-head attack, 120 kts 

Head-to-Mad attack, 120 kts 

Head-to-head attack, 120 kte 

Head-to-head attack, 120 kts 

Head-to-head Attack, 120 ktt 

Side-by-slde attack, 120 kts 

Slde-by-slde attack, 120 kts 

Tall chare 

Tall chase 

Head-to-head attach 

Head-to-head attack 

Aft quarter attack 

&«aa cliabing attack, S-76A low 

Abtaa cliabing attack,  OH-58A low 

Tall cliabing attack, S-76 low 

Tall cliabing attack, OH-58A low 

Abeaa descending attack, S-76A high 

Abcaa descending attack, OH-5SA high 

NOE S-76A hover. OH-56A attack 

NOE OH-56A hover. S-76A attack 
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TABLE J-1. AACT ENGAGEMENT INITIAL CONDITIONS (Cont'd) 

COUNTER INITIAL CONDITIONS 

27026 

27027 

27029 

27031 

27033 

27034 

27035 

27036 

27037 

27038 

27041 

27042 

27043 

Head-to»head 

Forward quarter attack 

Aft quarter attack, 0H-58A bogey 

Tall quarter attack, UH-60A bogey 

Ab«49 climbing attack, OH-58A low 

Tail cllablng attack, UH-60A low 

Tall cllablng attack, orf-5«A low 

Abeca descending attack, UH-60A high 

Ab*an descending attack, OH-58A high 

Tall deecerding attack, UH-60A high 

NOE JH-6ÜA hover, OH-56A attacker 

V rtlcal Jink In tail chase 

Vertical Jink In tall chaee 
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APPENDIX K 

Ml-28 PESIffl ANALYSIS 

INTRODUCTION 

The Mil Kl-28 (NATO code name HAVOC) is the latest Soviet attack helicopter. 
It is clearly a r.cv design which embodies the lessons learned in Afghanistan, 
•uch as the UH-60A and AH-64A reflect the American experience in Vletnaa. In 
1989, the HAVOC was shown at the Paris Air Show, both on static display and in 
flight demonstrations. This represented an unusual circumstance where Western 
observers had a close-up look at a current, frontline Soviet aircraft. In the 
spirit of glasnost. viewers were allowed to take photographs and the Soviet 
delegates were very open in their discussion of the aircraft. The helicopter 
has been in developaent since 1980 with its first flight in 1982 and the Paria 
vehicle was said to be the third developmental aircraft. Evidently, aeries 
production had not started at that time. 

Since a large amount of information on the Mi-28 waa available, it v^s pos- 
sible to create a GenHel simulation of the aircraft and Include it in the N/A 
analysis of this report. Because of the uncertainty in some of the data, 
parametric variations were also conducted. Since the HAVOC is of greet 
interest, a detailed technical description, design analysis and performance 
evaluation are provided below. 

AlftfftAFT PE^CRIPTIvN, 

The MI-28 is a large, single-rotor attack helicopter. It follows the conven- 
tional plan for auch An aircraft in having a relatively narrow fuselage with 
tandem seating for piiv * and navigator/gunner and in utilizing stub wings/ 
stores pylons. Fixed, tail-wheel type landing gear are fitted with a IS 
meter/second (49 fee'./second) sink speed capability. A detailed three-view 
drawing Is presented in Figure H-l. The main rotor has five blades while the 
tall rotor ueee four blades in a scissored arrangement like the Apache. The 
cockpit is well armored with a tub of steel/csramic armor and thick, armored 
glass. The HAVOC is quite large, aa shown in the profile in Figure H-2 com- 
paring the Apache and Mi-28 A large 30mm turretcd gun is fitted below the 
nose. This it a high velocity weapon and appeara to be the sane aa that used 
on the BMP-2 armored fighting vehicle, SU-25 Frogfoot ground attack aircraft 
and the new 2S6 mobile anti-aircraft weapon. Ballistically, the Soviet 30mm 
round is similar to the 30mm round used on the U.S. Air Force A-10 ground 
attack alrcraf:. This is significantly more potent than any other attack 
helicopter weapon. Including the low-velocity 30mm chain gun on the AH-64A. 
Looking at ehe major components, a descriptive breakdown is as follows: 

Main Rotor Diameter 56.42  feet 
Chord 2.0    feet 
No.   of Blades 5 
Hinge Offaet 5.5 percent 
Tip Speed 715 fps 
Sclidlty 0.112 
Twist •4 degrees   (spar) 

-10 degrees  (blade) 
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Shaft Incidenca 
Delta-3 
Rotation 

5 dagraaa forward 
0 dagraaa 

Advancing blada on la ft. aida 

Rotor Head - Well finished hub and cpoke titanium 
head with blada yokes attachad via elaetoaeric, 
spherical bearings. Conventional hydraulic lag 
dampers with individual raeervolra. Design 
slailar to Sikorsky elaatoaerie hub for CH-53D. 

Rotor Blades - Filament-wound fibarglasa D-spar 
with coapoaita blada pockets approximately 24 
lnchea wide. Metal grips and conventional feath- 
ering bearings. The tip outboard of 98 percent 
radius haa a leading edge sweep of 32 degrees. 
Since the trailing edge la straight, thla gen- 
erates quarter-chord sweep aa wall, as taper. 
Modern, caabered airfoil« are used. 

lall Rotor Type 
Diameter 
Chord 
Ho. of Blades 
Hinge Offset 

Tip Speed 
Solidity 
Twist 

Pusher 
12.6 feet 
0.792 foot 
4 

0 (tettering) 
715 fps (estlaated) 

0.160 

•10 dagraaa 

Fuselage 

Rotor Heads - Two teetering hubs, independently 
aounted with elaatoaarlc anubbera. Little dalta-3 
noted. 

- Full composite blades with 
grips and conventional feathering bearing». 

ital 

Length 

Width 

Height 
Length Overall 

Surface Areas: 

Wing 
H. Tail 
V. Tail 

55.3 feet 
18.4 feat (engines) 
9.7 feat (baalc fuselage) 

13.7 feet (to rotor head) 

69.4 feat (rotora turning) 

32.1 square feet 
14.0 square feet 
21.9 square feet 

Construction - The fuselage la of conventional 
alualnua seal-aonocoque design. The cockpit and 
other important areas are protected by tltanlua/ 
cerealc armor plate.  Cockpit transparencies are 
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one-Inch thick with the characteristic green tint 
of Soviet armored glass. 

The wing, horizontal tail ind vertical tall are of 
nixed construction. They have alualnua torsion 
box spars with composite leading and trailing 
edges. The wing is a stores support with four 
hardpoints and is attached to the bottom of the 
engine nacelles. The vertical fin has 36 degrees 
of leading edge sweep. The horizontal tail is 
clearly too scull, with an area of only 14 square 
feet. The stabilizer does have limited variable 
incidence even though it is strut-braced. 

Engines Type 

Configuration 

Ratings 
2000 Meters 
SLS 

Isotov TV3-117 turboshaft 
(free power turbine) 

Rear Drive 

2200 shp 
2650 shp (T700 lapse rate) 

Weapons 

The TV3-117 is assumably a development of the 
TV2-117 used on the Mi-8 and Ml-24 Hind. If It is 
flat rated to 22U0 shp at 2000 meters (6600 feet) 
then th* sea level rating would have to be about 
2650 shp. This is a very significant increase 
ovsr the 1700 shp of the TV2. The TV3 may be 
closer to the TV7-117 front drive engine being 
developed for the civil Ml-38 which has a 3200 shp 
rating. A rudimentary infrared suppression system 
is fitted to the engine. This conrists of a 
downward facing exhaust duct that la trifurcated. 
Inlets on the side of the engne nacelle allow 
cooling air to flow between these exhaust ducts. 
This system would work in forward flight, but it 
would not be very effective in hover. 

Turreted Gun - The 30mm gun is the 2A42 unit from 
the RHP-2 armored fighting vehicle. Two rates of 
fire are available, 300 rpm and 900 rpm. 

tanunitlon Is carried in two 150-round boxes on 
each side of the gun mount on the turret. Muzzle 
velocity is estimated to be 3200 fpa Range of 
turret motion la +110 degreea In azimuth -40 and 
+1? degreea in elevation. Turret trunnions and 
mot*.it ring structure are magnesium. 
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Avionics 

Crashvorthiness 

Bailout Provisions - 

Wing Stores - Four wet hardpolnts are available on 
the wing, two per side. Pylons are rated at 500 
Kg each, even the outboard stations. Typical war 
load of 16 AT-6 (NATO code name Spiral) anti-tank 
•1stlies in two eight-round packs on the outboard 
pylons and 40 280ma rockets in two 20-round pods 
on the Inboard stations. 

Extensive HEP for a Soviet aircraft. Paris 
vehicle was "cleansed" for export. Basic systems 
include a nose radome for missile guidance and 
side blisters for IR and TV search and track 
equipment (but not used for pilotage). Optical 
weapons sight and laser range finder in double- 
glazed nose turret above the gun. Avionics turret 
azimuth range ±110 degree« to match gun turret. 
Typical UHF/VHF NAV/COM and IFF equipment. 
Provisions for radar w.rning gear and chaff and 
flare dispensers. 

Dual stroke landing gear designed to 49 feet-per- 
second. 

Stroking pilot seats designed for 17 g's. 

Pyrotechnic system activated by impact to tighten 
shoulder straps, snap cyclic stick forward and 
open doors. 

Unlike Western helicopters, the Hi-28 has exten- 
sive bailout provisions. These are manually 
activated by a D-ring under the aeat. On activa- 
tion, the aft-hinged doors are opened, the entire 
stub wing assemblies are jettisoned, and bags 
under the doors are inflated to protect the crew 
from striking the fuselage. 

PESICfl ANALYSIS 

The Ml-28 is not merely a skinny fuselage version of the Hind, but clearly a 
new design. It represents a major step forward in the areas of survlvcblllty 
and sensor systems while maintaining classic Soviet virtues of simplicity and 
robustness. This design brings the Soviets up to the western standarda of the 
bLACK HAVK and Apache, but Is clearly still a generation behind In terms of 
the Mission Equipment Package (HEP) and low observables. The HAVOC is cer- 
tainly large and powerful, but the very size which enables it to carry a 
formidable war load also hinders its maneuverability and agility. The effect 
of Stinger missiles on the Ml-24» in Afghanistan was obviously traumatic to 
the attack helicopter community. The HAVOC then la the result of these 
lessons learned. Looking at the design more closely, ve see the following 
features: 
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Main rotor • The main rotor is a thoroughly aodem design with elastoneric 
bearings and composite blades. Use of a 5.5-percent hinge-cffset shows a 
clear acknowledgement of the need for Increased maneuverability, as does the 
use of five blades. Rotor airfoils are modern, high camber types assumed to 
be equivalent to Sikorsky SC1095 in performance. 

Tall rotor - The original Mi-28 aircraft were fitted with a three-bladed tail 
totor but the Paris Air S:»ow HAVOC had a four-bladed unit. The three-bladed 
unit would clearly be inadequate based on Sikorsky standards while the four- 
blade unit Is better but still marginal. Adding an extra blade to ehe tall 
rotor is difficult since the increased hub moment causes a need to beef-up the 
gearbox and its attachments. The HAVOC designers have clearly solved this 
problem by fitting two teetering rotors. This increases the tail rotor 
effectiveness (by adding an extra blade) while reducing gearbox loads (by 
using teetering hubs). In addition, the .scissoring of the rotors by an 
extreme 35/145 degrees allows for use of a slightly modified pitch change 
mechanism while deriving some acoustic benefits like the AH-64A. 

Engines - The Isotov TV3-117 are probably upgraded versions of the TV2, but 
are still rear drive. The large 30mm gun turret, armored cockpit and nose 
sensors must present a significant center-of-gravity problem in the design. 
Location of the engines alongside the main gearbox is a good design solution. 
It separates the engines and improves survivability since it is unlikely one 
round could disable both engines. (A similar layout is used on the UH-60A and 
AH-64A). In addition, the aft location helps with the e.g. problem. However, 
the engines now require 135-degree tall gearboxes to route the power forward 
to the main gearbox. This adds clutter to the aft end of the gearbox which 
already has a tail rotor drlveshaft. The Soviet designers Indicated that they 
would very much like to have had front-drive turboshaft engines. Infrared 
(IR) suppression is provided by downward facing exhaust ducts that have 
external r*m air inlets. The outlet is trifurcated to provide mixing. The 
Soviet delega~.es indicated that they had looked at both upward and downward 
facing ducts. U.S. experience is that upward facing ducts bathe the blade 
roots in hot air and can have a noticeable negative impact on performance. 
Since the HAVOC system uses ram air, it would not be very effective at low 
speed. This appears to be a very primitive IR suppression approach compared 
to uie HIRSS of the UH-60A and the "Black Hole" of the AH-64A. 

Alrfraae - The HAVOC airframe is of both conventional design and configura- 
tion. The choice of tall-wheel-type landing gear (as opposed to the tricycle 
gear of the Hind) mirrors the American preference for this configuration for 
Army aircraft. The Ml-28 was designed to carry an extensive set of sensor« in 
the nose, showing that the Soviets continue to make progress in the MEP area 
The 30mm gun is very large and presumably heavy, although some of the struc- 
ture evidently uses magnesium. While not the first choice of an aircraft 
designer, the commonality of the 2A42 is certainly desirable. The heavy rose 
gun, extensive sensor set, and substantial cockpit armor plate must generate a 
significant forward center-of-gravity problem.  Aft mounting of the engines 
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clearly improves this condition, but is very clumsy with rear-drive turbo- 
shaft. Several other interesting features are evident, like the individual, 
afc-hinged doors for the cockpit and the separate tail compartment. This 
unventllated space, without windows, seems a direct result of Afghanistan 
experience. It allows downed helicopter crew to be rescued by their comrades. 
Interestingly, the Hinds were updated (in the D versions and after) to move 
the (.«11 re tor to the port, side of the fin and make it into a tractor while 
the HAVOC retains a starboard-side pu/ner configuration. Attempts to make the 
nose as short as possible has led to the pilot's seat being in very close 
proximity to the rotor. It is not obvious if this would restrict maneuvera- 
bility by restricting flapping limits. 

The horizontal tall is only about 14 square feet in area and appears to be too 
small by Sikorsky standards. The Sikorsky S-61 (H-3) of a similar size 
started wi.h a 20-square-foot tall and was upgraded to a 27- square -foot unit. 
The Hi-26 designers have probably already encountered this problem. The HAVOC 
stabilizer has a limited range of incidence travel (+10 degrees) which appears 
to be linked to the longitudinal stick end also manually beeped. The first 
function is used to help trim pitch attitude in forward flight while the 
second aid:, in targeting. 

A performance evaluation of the Mi-28 was conducted using existing Sikorsky 
methodology, where empirical correction factors were needed, those of the 
UH-60A were employed since the HAVOC is assumed to have a similar technology 
level. The performance evaluation covered the fallowing areas: 

1) Estimated power capability of the Isotov TV3-117 engines. 

2) Estimated weight breakdown based on Sikorsky parametric 2nd informa- 
tion from the Soviets. 

3) OCE hover gross weight capability for various altitudes/tempera- 
tures. 

4) Effect of ground proximity on hover CV capability. 

5) Estimates of power required versus airspeed for different gross 
weights and density altitudes. 

While rhls performance evaluation is certainly not all Inclusive, It does give 
a picture of the HAVOC'S capabilities. 

Pov^r Available - Power available, data are summarized In Table K-l.  This shows 
tha total power available (two engines) as a iu.ncti.on of pressure altitude and 
temperature.  Three caaes are presented.  The first assumes tha engines are 
flat rated to 2700 shp at 2000 cetera (6562 fejt).  Using T700 engine lapse 
rates, calculation* show a capability of 2650 shp for sea level standard (SLS) 
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conditions. This is a very significant growth over the 1700 shp of tha 
TV2-117. Case 2 shows the same data for an engine with a 2200 shp SLS rating. 
Case 3 is the sane as Case 1 except that a 4400 shp main gearbox (MGB) Halts 
has been imposed. 

Weight Breakdown - An estimated weight breakdown for the Mi-28 is provided in 
Table X.-2. Two configurations are presented, (me for an cir-to-ground sisslon 
typical of the HAVOC and the other for a hypothetical air-to-air mission. The 
empty weight of 15,470 pounds is derived from Sikorsky parametric data and 
agrees with Soviet data. The air-to-ground mission weight of 22,984 pounds 
Includes a warload of 300 rounds of 30mm ammunition, 16 AT-6 SPIRAL missiles 
and 40 rockets. This was the configuration analyzed for M/A characteristics. 
An air-to-air configuration with 300 rounds of ammunition, eight AA-8 APHID 
missiles and a reduced fuel load is estimated to weigh 19,769 pounds. 

Hover CV Capability - OGE hover CV data are provided in Table K-3 and plotted 
in Figures K-l and K-2. Since power available is a function of both density 
and temperature, data are shown as a function of pressure altitude and 
temperature increments over the International Standard Atmosphere (ISA). Two 
cases are presented, one for 265C shp engines and one for 2200 shp engines, 
both constrained by a 4400 shp HCB limit. 

With the big engine, SLS OGE hover at 29,272 pounds is possible. This de- 
creases to 27,938 pounds for an ISA +20 degree Celsius day. At 8,000 feet on 
a standard aay, the hover GV capability is still a very significant 25,900 
pounds. Obviously, the smaller 2200 shp engines cannot support such high GVs. 
SLS, the GV is the same since it is KGB limited, but there is a 3,500 pound 
reduction for ISA +30 at sea level and a 3,200 pound reduction for 8,000 fast 
on a standard day. 

The effect of groand proximity Is presented in Table K-4. The same rases are 
presented m»   those for the OGE data.  A five-foot wheel height increases GV 
capability by about 21 percent while a two-foot wheel height yields a 28 
percent Improvement. 

fewer Required - Power required curves are presented in Figures K-3 to K-6. 
These show data for * clean aircraft (no external stores) and an air-to-ground 
configured aircraft, both at gross weight of 20,000 pounds and 24,000 pounds. 
Two ambient conditions were used, SLS and the Army hot day of 4,000 feet/95 
degrees Fahrenheit. 
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TABLE K-l.    Ki-28 POWER AVAILABLE SUMMARY 

CASF.1- 2 X 2650 SHP Engines 

ALTITUDE (ft) ISA ISA+10°C     ISAv20 

0 
2000 
4C00 
6000 
8000 

ISA+30 

5300 5061 4733 4300 
4981 4791 4541 4225 
4695 4523 4300 4016 
4398 4240 4043 3810 
4123 3988 3822 3604 

ALTITUDE (ft) ISA ISA+10 ISA+20 ISA+: 

0 4400 4202 3929 3570 
2000 4135 3977 3770 3508 
4000 3898 3755 3570 3334 
60C0 3651 3520 3356 3163 
8000 3423 3309 3173 2992 

CASE 3: 2 X 265Q SHP Engines with 440Q HP MGB Unit 

ALTITUDE (ft) ISA ISA+10 ISA+20 ISA+30 

0 
2000 
4000 
6000 
8000 

4400 4400 4400 4300 
4400 4400 4400 4225 
4400 4400 4300 4016 
4398 4240 4043 3810 
4123 3988 2822 3604 
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TABLE K-2. Mi-28 «EIGHT KREAKDOOR 

HEM WEIGHT 

Air-to-Ground Air-to-Air 

Weight Empty 
Crew 
30mm Gun 
Trapped Fluids 

BASIC WEIGHT 

15,470 pojnds 
500 
300 

_fi5 

16,355 

15,470 pounds 
500 
300 
 65 

16,355 

Ammunition, 300 rounds 

Missile Racks 
Missiles, Anti-tank (AT-6) 
Missiles, Air-to-air (AA-8) 

Rocket Py'ons (2) 
Rocket Pods (2) 
Rockets (40) 

WARLOAD 

FUEL 

231 

575(16) 
1750(16) 

120 
220 

4026 

2523 im gal.) 

231 

288(8) 

350(8) 

1469 

19i 

GROSS WEIGHT 22.984 pounds 19,769 pounds 
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TABLE K-3. Hi-28 OGB HOVER GROSS WEIGHT CAPABILITY 

CASE 1:   2 X 2650 SHP Engines   MGB Limit - 4400 SHP 

ALTITUDE    ISA 
(ft) 

ISA+10 ISA+20 ISA+3« 

0                  29272 
2000            28752 
«000            28206 
6000            27635 
8000            25900 

28973 
28439 
27878 
26628 
25006 

28679 
28130 
27134 
25487 
24019 

27938 
27067 
25618 
24207 
22818 

SLS - 29272 
2K/70 - 28439 
4K/95 - 25933 

[4400 shp, MGB limit] 
[4400 shp, MGB limitj 
4075 shp] 

ALTITUDE 
(ft) 

ISA ISA+10 ISA+20 ISA+3( 

0 
2000 
4000 
6000 
8000 

29272 
27505 
25896 
2^259 
22733 

23031 
26470 
24945 
23378 
21946 

26435 
25213 
23807 
22352 
21068 

24394 
23688 
22425 
21194 
19980 

SLS- 
2K/70 
4K/95 

29272 
- 26470 
-22712 

[4400 Shp] 
[3977 shp] 
;3383 shp] 

Accessory load « 100 HP 

Configuration: Stub Wings with 16 missies and 2 rocket pods 
Vertical drag - 4.7% GW 
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TABLE K-4. Mi-28 IGE HOVER GROSS WRIGHT CAPABILITY 

CASE 1:   2 X 265f SHP Engines   MGB Limit . 4400 SHP 

WHEEL HEIGHT SLS 2K/70 4K/95 

OGE 29.272 28.439 25,933 
5ft 35.428 34.254 31,171 
2ft 37.331 36.053 32.792 

CASE 2; 2 X 22Q0 SMP.ingmes. MGB ümil» 44QQ SHP 

WHEEL HEIGHT SLS 2K/70 4K/95 

OGE 29.272 26.470 22.712 
5 ft 35.428 32,051 27,566 
2 ft 37.331 33,776 29.065 

@ 5 ft wheel height, h wer - 13.5 feet. (GWJGE/GWOGE) - 1.21 

<§> 2 ft wheel height, h rotor - 15.5 taet. (GWGE/GWOGE) - 1.28 

Accessory load * 100 HP 

Configuration: Stub Wings with 16 missies and 2 rocket pods 
Ven;cal drag - 4.7% GW 
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APPENDIX L 

MATtiEKAIICnl CTRVg FIT? XP HANEWER PMA. 

IMIRQPffCTIPH 

This report shows that a M/A rating can be calculated based on the results of 
running a GenHel simulation model through nine different maneuvers. The 
maneuver results can be scored and the average score used as the N/A rating. 
If the maneuver results from a variety of helicopters are plotted against a 
previously defined fundamental parameter for each maneuver, they tend to 
cluster along a single 'Ine. Any single aircraft/maneuver combination may bi 
off the Una, but overall the data trend very well. This suggests that the 
maneuver results can be predicted by use of mathematical curva flta to the 
fundamental parameter plots. Obviously, the best method of calculating th« 
maneuver results Is to use the GenHel simulation or a math model with equiva- 
lent capabilities. This is the only way that the full flight dynamic and the 
effects of operational limitations can be evaluated. However, in the prelim- 
inary design processes, a method of estimating the M/A rating would be valu- 
able for trade-off studies where parameters like gross weight, number of 
blades, tip speed, solidity, etc., are being evaluated. This appendix des- 
cribes the results of generating mathematical curve fits to the fundamental 
parameter plota and of using them to predict the M/A ratings. In addition, 
the characteristics of the Mi-28 HAVOC at a 20,000-pound groea weight were 
estimated as an example of this technique. 

ITOttMLPCT 

The basic curve fit approach waa to take the fundamental parameter plot for a 
given maneuver and delete those points that were well off the basic trend. An 
existing curve fit routine was then used to fit a line through the data. The 
type of curve fit was based on the shape of the data and on the physic« of the 
maneuver. For example, the steady climb data were fitted to a straight line 
with no offset, at the origin since a zero fundamental parameter meant that all 
the helicopter's power is required for level flight and none la available for 
climb. On the other hand, a logarithmic fit was used for the hover turn data. 
If the helicopter has no residual yaw acceleration capability in hover (a 
fundamental parameter of zero), then It would take an infinite time to make 
the hover turn. 

The resulting curve fit equations are shown in Figure L-l. Each predicted 
maneuver result Is defined as a function of the fundamental parameter (FP). 
Most of the mathematical flta were linear or quadratic polynomials. The 
resulting curve fits are superimposed over the fundamental parameter plots In 
Figures L-2 to L-10.  A brief discussion of eavh maneuver Is given below: 

Hover Bob-UP - These data were fit Co a aecond order polynomial aa shown In 
Figure L-2. The curve fit la very good because the data were well collapsed. 
However, this aquation would obviously he erroneous at high T/V values where 
the negative square term vould dominate and ahow decreasing ROC with Increas- 
ing thrust capability. 
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l-     Horn Bob-up 
FP = MAX HOVER THRUST / GW 
ROC (fpm) = -6320 + 8290 (FP) - 1970 (FP)2 

2. Acceleration to 80 knots 

FP = [H? (AVAIL) - HP (HOV:; / HP (HOV) 
T (sec) = 7.537 - 8.5841 * LOGio (FP) 

3. Deceleration. 80 knots to Hover 

FP = Hf (HOV) / GW 
T (sec) = -13.715 * LOGio (FP) 

4. 80 knot Steady Climb 

FP » [HF (AVAIL) - HP (80 TRIM)) / GW 
ROC (fpm) = 29,484 * FP 

5. 80 knot  Steady Tarn 

FP = POWER LOADING / BLADE LOADING 
Nz (n.d.) = 0.955 + 0.8917 (FP) 

6.     80 knot Decelerating Turn 
FP = [Ct/o (max) - Ct/o (80)1 / Ct/o (80) 
Psidot (deg/stc) =-• 34.649 (FP) - 6.1848 (FF)2 

7-       130 knot Decelerating  Tun 

FP = [Ct/o (max) - Ct/o (130)] / C;/o (130) 
Psidot (deg/sec) = 23.21 (F?) - 5.36 (FP)2 

8. 140 knot Pull-up 

FP = (Ct/o (max) - Q/o (140)] / Ct/o (140) 
Nz (n.d.) = 1.0* 1.2242 (FP) 

9. Hover  Turn 

FP = delta yaw acceleration 
T (sec) = 4.977 - 2.299 LOGio (FP) 

Figur« L-l. Empiric* I K*n«uver '<• r-.-diction Equation* 
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Acceleration to 80 knots - A logarithmic fit was used for these data as 
illustrated in Figure L-3. This provided a good fit since the data points 
were well collapsed. 

Deceleration to Hover - Figure L-4 shows the logarithmic fit imposed on the 
more scattered data of this maneuver. Note that this fit uses a multiplier 
times the logarithm of the fundamental parameter. 

80-Knot Climb - A simple linear fit with zero offset at Che origin works well 
tor this maneuver (Figure L-5). This fit was selected because of the simple 
physics of the climb. 

80-Knot Steady Turn - Figure L-6 shows that a linear fit works well to match 
these data, but some helicopters are well off Che basic trend. 

80-Knot Decelerating Turn - A second order polynomial was chosen to predict 
these data and is a good fit as shown in Figure L-7. This polynomial was 
constrained to have a rero constant term so a zero fundamental parameter 
(blade loading margin) would result In a zero turn rate. Only Che CH-53E and 
AH-IS are well off chis prediccion. 

130-Knot Decelerating Turn - This manouver was handled in the same way as the 
80-krot case. Different coefficients were required, of course, and the GenHel 
data were more scattered than the 80-knot maneuver (Figure L-3). 

140-Knot Pull-Up - A s ,>le straight line matched these daca well as shown In 
Figure L-9. This line was selected to give a load factor capability of one 
(level flight) if the fundamental parameter was zero. 

Hover Turn - The results for this maneuver (Figure L-10) were perhaps the most 
difficult to fit because the yaw rate constraint tend:, to yield constant turn 

Cimes for high yaw acceleration capabilities. A logarithmic expression was 
used since it predicts an infinite time to turn if the yaw acceleration 

capability is zero. 

ESTIMATED MANEUVER RESULTS ANO .-uOR£S 

Once the«« mathematical -urve flcs were available, Che estimated maneuver 
resulcs could be cal ilatec for each helicopter. These were Chen scored 
(using the previously defined scoring equations in Table 7) and the M/A raiings 
calculated. The i«suits are shown in Figures L-ll to L-15 as bar graphs 
comparing the GenHel derived results to the empirical ones. 

In general, the empirically derived M/A ratings ara similar to ones from 
GenHel, typically agreeing within five points. There is no obvious trend, 
with the empirical results sometimes higher and sometimes lower than the 

CenHel values. Some predictions, however, were significantly in error. For 
example, th« CH-53E empirical NOE rating Is 13 points higher than Che CenHel 

value while Che OH-58A NOE racing is 10 polncs higher. 
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20.000-POUND Ml-28 EVALUATION 

To evaluate the use of the empirical maneuver equations, predictions of the 
characteristics of the Ml-28 at a cross weight of 20,000 pounds were made, 
using the static data of Table 4 and the maneuver prediction equations in 
Figure L-l. 

The empirical maneuver predictions can be used in one of two ways. ?lrst, the 
maneuver results can be predicted directly and then scored and averaged to 
obtain a M/A rating. Alternately, if GenHel results for a certain configura- 
tion of the aircraft are known, the empirical equations can be used to predict 
both the GenHel case and the case of Interest. The difference between them is 
then added to the original GenHel data as a delta. 

The second approach was taken with the "lightweight" HAVOC. The results are 
shown in Table L-l. This shows the original GenHel data for the 22,894 pound 
aircraft, the empirical predictions for the 22,894 pound and 20,000 pound 
versions and the final estimate generated by adding the difference to the 
original GenHel value. 

The final 20,000 pound gross weight estimates for each maneuver were then 
scored using the scoring equations in Table 7 and the mission weighting 
factors in Figure 50. The M/A ratings were then derived by dividing the total 
of the maneuver scores for a given mission element (e.g., ATA - 453.5) by the 
total of the maneuver weighting factors for that mission element (e.g., ATA - 
6.15) to get the final rating. The final results are shown in Table L-2. 

These results show that the Ml-28 in a 20,000-pound air-to-air configuration 
would have good intrinsic M/A characteristics. However, the large differences 
between some of the predicted maneuver results and the actual GenHel values 
for the 22,964 pound vehicle indicate that the results should be considered 
tentetlve and a full-up GenHel evaluation at the lighter weight should be 
conducted. 
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TABLE L-l.     20K MI-28 MANEUVER PREDICTIONS 

MANEUVER 
GENHEL     EMPIRICAL  EMPIRICAL  ESTIMATED 
22.9K       22.9K      20K       20K 

1. HOVER BOB-UP 

2. 0 TO 80 KT ACCEL 

3. 80 TO 0 KT DECEL 

4. 80-KNOT CLIMB 

5. 80-KNOT STEADY TURN 

6. 80-KNOT DECEL TURN 

7. 130-KNOT DECEL TURN 

8. 140-KNOT PULL-UP 

9. HOVER TURN 

1400 fpa 

10.5 MC 

11.05 MC 

2467 fpa 

1.83 g'» 

27.3 deg/iec 

14.3 deg/«ec 

1.70 g'« 

5.0 i«c 

1396 

9.49 

13.33 

2983 

2.17 

26.0 

10.9 

1.57 

5.58 

1896 1900 

7.65 8.66 

13.77 11.49 

3797 3282 

2.56 2.22 

32.2 33.5 

14.6 18.0 

1.84 1.97 

5.19 4.61 
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TABLE L-2.  20* Ml-28 SOOKES AMD EATINGS 

SCORES 
MANEUVER BASIC ATA ATC •OE 001 

1. HOVER BOB-UP 93.3 9.3 56.0 93 3 42.0 

2. 0 TO 80 KT ACCEL 89.0 80.1 57.9 71.2 57.9 

3. 80 TO 0 KT DECEL 108.5 76.0 59.7 86.8 70.5 

4. 80-KNOT CLIMB 76.1 64.7 34.2 26.6 57.1 

5. 80-KNOT STEADY TURN 62.0 43.4 27.9 15.5 43.4 

6. 80-KNOT DECEL TURN 53.9 29.6 40.4 35.0 35.0 

7. 130-KNOT DECEL TURN 83.7 75.3 41.9 8.4 50.2 

8. 140-KNOT PULL-UP 37.4 33.7 18.7 1.9 20.6 

9. HOVER TURN 75.3 41.4 56.5 75.3 22.6 

Total 679.2 453.5 393.2 414.0 399.3 

Average Factor 9.0 6.15 5.20 5.00 5 30 

Rating 75.5 73.7 75.6 82.8 75.3 
| 
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In conclusion, the empirical maneuver estimation methodology presented in this 
appendix is a useful tool for predicting H/A acoraa and ratings whan a GenHel 
or equivalent simulation «valuation la not practicable. This could be during 
preliminary design, evaluation of a design where only basic data ware avail- 
able, or for estimation of the effect of changes on an existing daaign. 
Obviously, a full-up GenHel-type evaluation should be conducted whenever 
possible. This will correctly capture all of the characteristics of the 
particular helicopter and their interaction with the operational constraints. 
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APPENDIX M 

wmmUi scALiwc METHQP 

Aarodynaaic data for post of tha aircraft in this study vara takan froa 
existing sources. The Sikorsky helicopters already had CenHel data files, 
derived froa vlnd tunnel tests. The other U.S. Arry Inventory aircraft 
(AH-64A, OH-58A, AH-1S) were aodeled using data taken froa C-81 coaputer code 
input listings that had been provided as Governaent Furnished Information 
(GFI). Howaver, no aarodynaaic data were available for the SA-365N or the 
Ml-28. Aarodynaaic aodellng for these vehicles can be broken into three 
areas. One Is the aaln zotor blade airfoil data, another is the basic aaro- 
dynaaic« of the fuselage, and the third Is aarodynaaic aodellng of the eapen- 
nage and wings. 

Main rotor blade airfoils «ere aodeled using Sikorsky SC109S airfoil data for 
both the Dauphin and HAVOC. Characteristics of the empennage surfacea and the 
wing« were calculated using conventional techniques based on the airfoil, 
aspect ratio, sweep and area of the surface. Fuselage characteristics were 
derived by scaling of aarodynaaic data froa other helicopters of siallar 
shape. The Ml-28 data were calculated by scaling up Apache fuselage aerody- 
naaics while the Daupnin values were scaled down S-76A numbers. 

The method used for scaling Is shown in Figure M-l. Forces vary with tha 
square of the scale factor while aoaents vary with tha cube. Scaling factors 
for each aarodynaaic load (lift, drag, etc.) are based on ratios of the 
appropriate principal dimensions. For example, lift is scaled by the ratios 
of fuselage lengths and fuselage widths. Pitching moment is scaled by the 
ratios of length, squared, and of the width. Obviously, this technique is 
only appropriate for alrfraaes of siallar shape and size. 

35t 



LIFT 

DRAG 

SIDEFORCE 

PITCH MOMENT 

ROLL MOMENT 

ML • M, • m 

r< • M, • e») 
M, - ML • (& 
Mi • ML • m 
M, • M, • W) YAW MOMENT 

Figur« Ml.    Aerodynamic Seal is« Hi 

MO 



• 

APPENDIX N 

AIRCRAFT PRA PA1A 

A summary of the drag data for each of the eight basic airfranas evaluated In 
tnls report Is provided In Table N-l. These data should be used with some 
care since the nethod for allocating drag amongst the various conponents of 
the airframe differs fron manufacturer to manufacturer. For purposes of these 
data, the stub vlngs have been accounted for separately fron the fuselage and 
the tall rotor hub drag la broken out separately fron the vertical fin. The 
SA-365N ha* large vertical endplates on the ends of the horizontal tall which 
are shown separately. On the other hand, the 650-gallon drop tanks and their 
pylons are Included In the CH-33E fuselage data as are the Engine Air Particle 
Separators (EAPS). The drag of the strut, bracing the horizontal tall on the 
Super Stallion, has been lumped Into the vertical tall. 

For all cf these data, no accounting of external stores or their pylons has 
been nada (except for the CH-53E as noted above). 

V 
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TABLE N-l.     DRAG BREAKDOU* SOMASY 

ITEM AIRCRAFT 

ÜH-60A S-76A       CH-53E AH-64A 

Fusalaga D/q 26.9 8.4       58.0* 22.0 

H.T. Araa, fta 
H.T. Cd 
H.T. D/q 

45.0 
.012 

0.54 

18.3       58.0 
.013       .050 

0.24       2.90 

33.36 
.010 

0.33 

V.V. Araa. ft» 
V.T. C4 
V.T. D/q 

32.3 
.018 

0.58 

19.7       74.0 
.016       .090 

0.32       6.66 

32.2 
.016 

0.52 

Wing Araa, ft» 
Uing Cd 
"tfing D/q _ ... • • » m                                                   • • • • 

35.0 
.016 

0.56 

Endplata Araa, ft» 
Endplata Cd 
Endplata D/q • • • • • mm  •                 m• •* m mm m 

T.I. Hub D/q 2.0 1.45       3.63 1.66 

Total D/q 30.02 10.41       71.19 25.07 

•Include« axtarnal tanks and thalr pylons 
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TABLE N-l.  DRAG BREAKDOWN SUMMARY (Cont'd) 

ITEM AIRCRAFT 

OH-58A AH-IS SA-365N Ml-28 

Fuselage D/q 6.0 5.5 7.86 37.0 

rf.T. Araa, ft' 
H.T. Cd 
H.T. D/q 

9.65 
.085 

0.82 

15.14 
.085 

1.29 

16.0 
.013 

0.21 

11.94 
.010 

0.12 

V.T. Araa, ft* 
V.T. Cd 
V.T. D/q 

9.18 
.012 

0.11 

18.87 
.012 

0.23 

20.0 
.016 

0.32 

21.88 
.012 

0.26 

Wing Araa, ft* 
Wing Cd 
Wing D/q . ... 

28.15 
.015 

0.42 

• m m m 32.32 
.015 

0.49 

Endplata Araa, ft* 
Endplate Cd 
Endplata D/q 

  
• a • * 

20.0 
0.13 
0.26 m m m m 

T.R. Hub D/q 0.94 1.54   2.3 

Total D/q 7.87 8.98 8.65 40.17 
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